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REMARKS 

Claims 58-116 are now pending in the application. Claims 70-78, 85, 86, and 98-104 
have been withdrawn from further consideration pursuant to 37 CFR 1. 142(b), as being drawn to 
a non-elected invention. Claims 58-69, 79-84, 87-97, and 105-116 are being examined on the 
merits in the present paper. In addition, pursuant to the P.T.O.'s indication that claim 84 would 
be allowable if re-written in independent form, claim 84 is cancelled and the subject matter re- 
presented in independent form as claim 117. The P.T.O. is respectfully requested to reconsider 
and withdraw the rejections in view of the amendments and remarks contained herein. 

Unity of Invention 

Applicants acknowledge that the P.T.O. maintains its decision not to rejoin Groups I, n and 
IV. Applicants gratefully acknowledge the rejoining of co-examination of the claims of Group HI 
with the claims of Group 1. However, the meaning of the PTO's statement that that the invention of 
Group in is well known in the art and may be obvious to one of ordinary skill in the art is not clear 
to the Applicants. Applicants believe that the claims of Group m are novel and unobvious over the 
art. 

Specification 

The specification stands objected to for certain informalities. Applicants have amended the 
specification in accordance with the P.T.O. 's suggestions. Therefore, reconsideration and 
withdrawal of these objections are respectfully requested. 
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Claim Objections 

The P.T.O. objected to certain claims as being inconsistent and/or grammatically incorrect. 
In the interest of rapid completion of prosecution of the present application, amendments based 
upon the P.T.O/s suggestions have been adopted for claims 59, 60, 61, 80, 81, 82, 106, 107, and 
108. No reduction in claim scope is intended by these amendments. 

Rejections Under 35 U.S.C. § 112. Second Paragraph 

Applicants request reconsideration of the rejection of Claims 61, 82, 90, and 105-116 
rejected under 35 U.S.C. § 1 12, second paragraph because of the amendments to the claims. The 
P.T.O. indicated that it found the claim language unclear, and suggested changes. Amendments 
have been made to these claims in response to the PTO's suggestions. No reduction in claim 
scope is intended by these amendments. Applicants, therefore, request withdrawal of the 
rejection . 

Rejections Under 35 U.S.C> § 112. Second Paragraph Regarding Written Description 

Applicants request reconsideration of the rejection of Claims 58-69, 79-81, 83, 87-97, 
and 105-116 under 35 U.S.C. § 112, second paragraph regarding written description because a 
single representative species can suffice to describe adequately an entire genus under the 
standards set forth in In re Marzocchi, 169 U.S.P.Q. 367 (C.C.P.A. 1971), Regents of the 
University of California v. Eli Lilly and Company, 43 USPQ2d 1398 (Fed. Cir. 1997), and Utter 
V. Hiraga, 6 USPQ2d 1709 (Fed. Cir. 1988). 

In Marzocchi, the C.C.P.A. held that written description under 35 U.S.C. § 112 first 
paragraph is presumed to be adequate, unless or until sufficient evidence or reasoning to the 
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contrary has been presented by the P.T.O. to rebut the presumption. 169 U.S.P.Q. at 370; 
M.P.E.P. § 2163.04. In Regents v. Lilly, the Federal Circuit stated that a "description of a genus 
of cDNAs may be achieved by means of a recitation of a representative number of cDNAs ..." In 
Regents, the specification merely provided a single constructive example of a human cDNA. In 
that case, the Federal Circuit found the constructive example inadequate to show possession of 
the claimed invention (43 USPQ2d at 1404). The possibility of an actual example of a single 
species sufficing to represent a genus was not excluded by the Federal Circuit. By extension of 
the Federal Circuit's holding in Regents, description of a genus of microbes may be achieved if a 
representative number of species fall within the scope of the genus. In addition, in Utter v. 
Hiraga, 6 USPQ2d 1709, (Fed. Cir. 1988) the Federal Circuit stated that every species in a genus 
need not be described in order that a genus meet the written description requirement. 

In the present application, the P.T.O.'s rejection rests on the assertion that only a single 
representative of species of each microbe is disclosed ("[a] single representative species of a first 
microbe (£ coli JWFl/pAD1.88A) or a second microbe (G. oxydans ATCC 621) is insufficient 
to provide a description of all species of first and second microbes... encompassed by the 
claims.") Firstly, the P.T.O.'s reasoning does not rebut the presumption of adequacy in this case, 
because the P.T.O. provides no reason why a disclosure of an actual representative species is 
inadequate to show possession of the invention. Secondly, examination of the NCBI nucleotide 
database website (http://www.ncbi.nlm.nih. gov/entrez/querv.fcgi?CMD=Pager&DB=nucleotide) 
reveals 124 entries for nucleotide sequences encoding myo-inositol-1 -phosphate synthase that 
antedate the priority date of the present application. These entries disclose nucleotide sequences 
encoding myo-inositol-1 -phosphate synthase from species such as Arabidopsis thaliana (thale- 
cress), Drosophila melanogaster (fruit fly). Homo sapiens (human), Hordeum vulgare (barley). 
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Leishmania amazonensis (Leishmania), Lycopersicon esculentum (tomato), Mesembryanthemum 
crystallinum (common iceplant), Mus musculus (mouse), Oryza sativa (rice), Rattus norvegicus 
(rat), Saccharomyces cerevisiae (yeast), Solarium sogarandinum (potato), and Zea mays (com). 
Therefore, at least as early as the time of filing of the priority application, one of ordinary skill in 
the art would appreciate that the inventors contemplated a variety of sources of nucleic acids 
encoding myo-inositol-1 -phosphate synthase to construct a first microbe in addition to the 
disclosed examples. With regard to the second microbe, the specification recites, at least on page 
5, lines 12-13, examples of two different microbial species that can be used for the second 
microbe {Bacillus subtilis and Gluconobacter oxydans). This disclosure of two exemplar species 
in the specification obviates the P.T.O.'s contention that "a single representative species of a... 
second microbe (G. oxydans ATCC 621) is insufficient to provide a description..." Furthermore, 
the specification states, on page 5, lines 10-12 that the second microbe can be "a naturally 
occurring microbe that express[es] inositol dehydrogenase activity." Examination of the NCBI 
nucleotide database website 

http://www.ncbi.nlm.nih.gov/entrez/querv.fcgi?CMD=Pager&DB=nucleotide) reveals at least 
four entries antedating the priority date of the present application. These entries disclose 
microbes comprising inositol dehydrogenase {Sinorhizobium meliloti, Saccharomyces cerevisiae, 
Mycobacterium leprae, and Bacillus subtilis). These species provide examples of microbes 
expressing inositol dehydrogenase activity contemplated by the inventors. Because not all 
species in a genus need be described for a genus to meet the written description requirement 
{Utter V. Hiraga, 6 USPQ2d at 1714), Applicants request withdrawal of the rejection under 35 
U.S.C. § 112, first paragraph for written description. 



Serial No. 09/937,243 



Page 12 of 19 



Rejections Under 35 U.S.C. § 112. Second Paragraph Regarding Enablement 



Applicants request reconsideration of the rejection of Claims 58-69, 79-81, 83, 87-97, 
and 105-116 under 35 U.S.C. § 112, second paragraph regarding enablement because the P.T.O. 
has not demonstrated that the claims are not enabled under the standards set forth in In re 
Marzocchh 169 USPQ 367 (C.C.P.A. 1971), and/n re Wands, 8 USPQ 2d 1400 (Fed. Cir. 1988). 
In Marzocchi the Court of Customs and Patent Appeals stated that 

As a matter of Patent Office practice, then, a specification disclosure which 
contains a teaching of the manner and process of making and using the invention 
in terms which correspond in scope to those used in describing and defining the 
subject matter sought to be patented must be taken as in compliance with the 
enabling requirement of the first paragraph of § 112 unless there is reason to 
doubt the objective truth of the statements contained therein which must be relied 
on for enabling support. ... In any event, it is incumbent upon the Patent Office, 
whenever a rejection on this basis is made, to explain why it doubts the truth or 
accuracy of any statement in a supporting disclosure and to back up assertions of 
its own with acceptable evidence or reasoning which is inconsistent with the 
contested statement. 

As will be explained below, the PTO has not met its burden of supporting its assertions 
with acceptable evidence or reasoning. The rejection will be addressed on the basis of the Wands 
factors cited by the PTO in the rejection. 

Breadth of the claims . The PTO's rejection for enablement rests, in part, on the 
contention that the "extremely large number of microbes and conditions for acid catalyzed 
dehydration broadly encompassed by the claims" is not conmiensurate with the enablement 
provided by the disclosure. The PTO provides no support for this contention. Using claim 58 as 
an example, the PTO provides no reason why a person of ordinary skill in the art would not find 
the specification enabling for a first microbe comprising a recombinant DNA encoding myo- 
inositol phosphate synthase, a second microbe expressing inositol dehydrogenase activity, or 
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conversion of myo-2-inosose to 1,2,3,4-tetrahydroxybenzene by acid catalyzed dehydration. 
With regard to a microbe comprising a recombinant DNA encoding m};<9-inositol phosphate 
synthase, a search of the NCBI nucleotide database website 

(httD://www.ncbi.nlm.nih,gov/entrez/Quervicgi?CMD==Pager&DB=nucleotide) for sequences of 
nucleic acids encoding this enzyme reveals 124 entries published prior to the priority date of the 
present application. These entries disclose nucleotide sequences encoding myo-inositol-1- 
phosphate synthase from species such as Arabidopsis thaliana (thale-cress), Drosophila 
melanogaster (fruit fly), Homo sapiens (human), Hordeum vulgare (barley), Leishmania 
amazonensis (Leishmania), Lycopersicon esculentum (tomato), Mesembryanthemum 
crystallinum (common iceplant), Mus musculus (mouse), Oryza sativa (rice), Rattus norvegicus 
(rat), Saccharomyces cerevisiae (yeast). Solarium sogarandinum (potato), and Zea mays (com). 
Applicants contend that at the time of filing of the application, powerful technologies such as the 
polymerase chain reaction were available to workers in the art to obtain such nucleic acids. 
Therefore, using the available technologies, no more than routine experimentation by a person of 
ordinary skill in the art would be required to generate other microbes comprising a recombinant 
DNA encoding a m>^o-inositol-l -phosphate synthase. Similarly, with regard to a microbe 
expressing inositol dehydrogenase activity, a search of the NCBI nucleotide database website 
(http://www.ncbi.nlm.nih.gov/entrez/auerv.fcgi?CMD=Pager&DB=nucleotide) website reveals 
ten entries as of the priority date of the application for nucleic acids encoding inositol 
dehydrogenase. These entries disclose nucleic acid sequences encoding inositol dehydrogenase 
from microbial species such as Sinorhizobium melilotU Saccharomyces cerevisiae^ 
Mycobacterium leprae, and Bacillus subtilis. Applicants contend that as of the filing date, no 
more than routine experimentation by a person of ordinary skill in the art would be needed to 
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identify or select a microbe expressing inositol dehydrogenase activity. As for converting the 
myc?-2-inosose to 1,2,3,4-tetrahydroxybenzene by acid catalyzed dehydration, applicants contend 
that although the specification discloses the use of 0.5 M H2SO4, the PTO provides no reason 
why this conversion involves anything other than routine acid-catalyzed hydrolysis which can be 
achieved using a variety of acids, nor are any reasons provided demonstrating that determining 
the conditions for such hydrolysis under conditions different than those disclosed for 0.5 M 
H2SO4 would require undue experimentation. Applicants, therefore, request withdrawal of the 
rejection under 35 U.S.C. § 1 12 for enablement on the basis of breadth of the claims. 

The amount of guidance and working examples . The PTO's rejection for enablement 
rests, in part, on the contention that the specification fails to provide additional guidance 
regarding other microorganisms or dehydration condition that my be successfully employed in 
the claimed methods. In particular, the PTO points to a teaching in the specification that 
conversion of myo-l-inositol-phosphate to mjo-inositol is "fortuitously catalyzed in E. coli 
JWFl/pAD1.88A by unidentified cytosolic or periplasmic phosphatase activity." However, 
applicants note that phosphatases are virtually ubiquitous in cells. For example, the enzyme 
alkaline phosphatase is a phosphatase of broad substrate specificity that is present in the 
cytoplasm or periplasmic space of a large numbers of microorganisms. See, e.g., McComb et al., 
Alkaline Phosphatase, Plenum Press, New York, 1979, in particular pp. 30-31 and 868-869, 
photocopy enclosed. A search of the NCBI nucleotide database website 

(http://www.ncbi.nlm.nih.gov/entrez/querv.fcgi ?CMD=Pager&DB=nucleotide) website reveals 
1 10 entries for sequences of alkaline phosphatase published prior to the filing date of the present 
enzyme. Most of the species sources listed are microbes. Furthermore, in addition to being nearly 
ubiquitous in distribution, alkaline phosphatase is also known to display phosphatase activity 
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against a wide range of substrates, for example, nucleic acids, proteins, small aliphatic 
compounds, (for example phosphate sugars), and aromatic compounds (for example p- 
nitrophenylphosphate) (McComb et al, supra). Indeed, alkahne phosphatase is known to 
hydrolyze phosphate from cyclohexanol phosphate, a compound closely related in structure to 
myo-l-inositol-phosphate (McComb at 306, photocopy enclosed). In addition, at least one other 
phosphatase, phytase (an acid phosphatase), is known to release phosphate from myo-inositol 
hexaphosphate, and is found in a wide variety of microbes (see, e.g., US Patent 6,451,572 to Lei, 
"Background of the Invention"; Russolini et al., Cell Mol Life ScL 54: 833-850, 1998 
(enclosed)). Furthermore, phytases from E, coli are found in the periplasmic space, and can 
hydrolyze p-nitrophenyl phosphate (Greiner et al., Arch. Biochem Biophys, 303: 101-1 13, 1993, 
enclosed). It is, therefore, unsurprising that the conversion of m}^<9-l-inositol-phosphate to myo- 
inositol is fortuitously catalyzed in E, coli JWFl/pAD1.88A by unidentified cytosolic or 
periplasmic phosphatase activity. Applicants, therefore, contend that because at least two 
phosphatases known to be capable of removing phosphates from compounds similar in structure 
m}'6>-inositol phosphate are present in a wide variety of microbes including E. coli, the 
phosphatase activity catalyzing the removal of phosphate from myo-l-inositol-phosphate is 
unrelated to any biochemical activity specifically attributable to E. coli JWFl/pAD1.88A. 
Applicants, therefore, respectfully request withdrawal of the rejection under 35 U.S.C, § 112 for 
enablement on the basis of the P.T.O.'s contention that £. coli JWFl/pAD1.88A is required 
because of its unidentified phosphatase activity. 

The PTO's rejection for enablement also rests, in part, on the contention that "the prior 
art teaches that the use of connmon acid catalysts gives rise to an aromatization of acyl 
derivatives of myo-2-inosose with formation of derivatives of 1,2,3,5-tetrahydroxybenze," citing 
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Postemak on page 164 for support. Applicants respectfully disagree with the PTO's 
interpretation of Postemak. Postemak states that "...the acyl derivatives of scvlloinosose are 
prepared in the presence of acid catalysts, the use of basic catalysts giving rise to an 
aromatization with formation of derivatives of 1,2,3,5-tetrahydroxybenzene" [emphasis added]. 
Postemak is silent on whether acid catalysts give rise to aromatization of acyl derivatives of 
m>'o-2-inosose with formation of 1,2,3,5-tetrahydoxybenzene. Postemak is, therefore, inapposite 
to enablement of the present application. 

Because the phosphatase activity catalyzing the removal of phosphate from myoA- 
inositol-phosphate is unrelated to biochemical activity specifically attributable to E. coli 
JWFl/pAD1.88A, and because the teachings of Postemak are inapposite to the present 
application, applicants respectfully request withdrawal of the rejection under 35 U.S.C. § 112 for 
enablement on the basis of amount of guidance and working examples. 

The unpredictability of the art . The PTO's rejection for enablement rests, in part, on the 
contention that "different microbes possess distinct metabolic pathways. Such pathways may not 
be optimized for the production of myo-inositol or myo-inosose and may instead produce some 
other product..." This reasoning presented is mere conjecture. To meet the standards of /n re 
MarzocchU however, the PTO must provide evidence that different microbes will (and not 
merely may) produce some other product instead of (and not merely in addition to) myo-inositol 
or myo-inosose. Because the PTO has not provided such evidence, applicants request withdrawal 
of the rejection under 35 U.S.C. § 1 12 for enablement on the basis of unpredictabihty of the art. 
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The quantity of experimentation necessary . The PTO's rejection for enablement rests, in 
part, on the contention that "it is not routine in the art to screen all microbes, particularly those 
haying the required unidentified phosphatase activity, as encompassed by the claims to identify 
those microbes with a metabolic pathway amenable to the production of the intermediate 
product, mjo-inositol and myo-2-inosose..." To meet the standards of Marzocchi, however, the 
PTO must provide evidence that different microbes are likely not to have the phosphatase 
activity. As discussed supra, however, microbes containing the appropriate enzyme activity are 
well known in the art to be widely distributed. Testing individual microbe species for the 
appropriate phosphatase activity is thus a matter of routine experimentation. Applicants, 
therefore, request withdrawal of the rejection under 35 U.S.C. § 1 12 for enablement on the basis 
of quantity of experimentation necessary. 

In summary, the PTO has not met its burden of demonstrating that the Applicants have 
not provided sufficient guidance to enable one of skill in the art to make and use the claimed 
invention in a manner reasonably correlated with the scope of the claims. Applicants, therefore, 
respectfully request withdrawal of the rejection of claims 58-69, 79-81, 83, 87-97, and 105-116 
under 35 U.S.C. § 112 for enablement. 

Applicants request reconsideration and withdrawal of the rejection of Claims 61,63, 65, 
84, 90, 92, 94, 108, 110 and 112 under 35 U.S.C. § 112, second paragraph regarding enablement 
because a declaration signed by a representative of the assignee of the application stating that the 
specific strains deposited in the American Type Culture Collection under the terms of the 
Budapest Treaty will irrevocably and without restriction or condition be released to the public 
upon the issuance of the patent is provided as an enclosure with this paper. This statement is 
supported by a copy of a certificate of deposit issued by the ATCC, also enclosed herein. 
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Allowable Subject Matter 

The P.T.O. states that claim 84 would be allowable if rewritten in independent form. 
Accordingly, Applicants have cancelled claim 84 and added new claim 117 which includes the 
limitations of the base claim and any intervening claims. Therefore, claim 1 17 should be in 
condition for allowance. 

Conclusion 

It is believed that this amendment places the claims in a condition for allowance and such 
favorable action is respectfully requested. If, however, any of the claims are deemed by the 
P.T.O. not to be in a condition for allowance, Applicants request an interview with the P.T.O. so 
that any remaining issues can be resolved. Should any questions arise, the P.T.O. is requested to 
contact the undersigned attorney. 



Respectfully submitted. 





Saul L. Zackson 



Reg. No. 52,391 



Harness, Dickey & Pierce 
7700 Bonhomme, Suite 400 
St. Louis, Missouri 63105 
(314) 726-7500 
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CHAPTER 3 



DISTRIBUTION IN NAT 



3.4.2. Developmental Correlations 

Slime molds exist as individual cells (designated amoebae) that generally feed on 
bacteria and undergo ceU division.^** When the local food supply is depleted, the ceUs 
aggregate and subsequently form a multicellular organized fruiting body (= sorocarp) 
supported by a stalk. Spores form and germinate into myxamoebae, and the cycle is 

repeated. , ^ , . . . 

Alkahne phosphatase is found at all stages of the D. discoideum life cycle^ ^^^^^ 
is highest in the tip of the young fruiting body and lowest in the spore mass.^*'^* High 
activities are also founi at the tip of the developing stalk in such species asi). mucoroides 
andD. purpureum}^ High concentrations of orthophosphate in the growth medium re- 
press the synthesis of the enzyme.^ « Cycloheximide, an inhibitor of protein synthesis, 
suppresses the rise in alkaline phosphatase activity during sorocarp formation in D. 
discoideium}^ Actinomycin D, an inhibitor of RNA synthesis, can also prevent this rise, 
provided it is added early during development.^^ Mutant strains that fail to aggregate or 
form sorocarps do not show the rise in alkaline phosphatase seen in the wild variety.^' 

3.4.3. Intracellular Localization and Solubilization 

In amoebae of D. discoideum, alkaline phosphatase is tightly bound to the plasma 
membrane,'**''*^ and detergents must be employed to achieve complete solubilization. 
Green and Newell,"*' who prepared plasma membrane subfractions, showed that one of 
these subfractions was selectively enriched for alkaline phosphatase, but not for other 
plasma-membrane-associated enzymes. 

Parish and PeUi"*^ presented evidence that the enzyme, which is associated with the 
cell surface, does not normally become internalized during phagocytosis. Colchicine 
alters this state of affairs; consequently, under its influence, intracellular membrane 
vacuoles show alkaline phosphatase activity. 



TABLE 3.1. S 

Species 

Aerobacter aerogenes 

Bacillus anthracis 

B. cereus 

B. Ucheniformis 

B. megaterium 

Bacillus spp. 

B. subtilis 

Bacteroides ruminicola 
Escherichia coli 
Halobacterium salinarium 
Klebsiella aerogenes 
Klebsiella spp. 
Micrococcus sodonensis 
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3.5. Bacteria 

3.5.1. Species 

Large numbers of bacteria, particularly gram-negative organisms, have been known to 
synthesize alkaline phosphatase under suitable growth conditions (usually low phosphate 
content of the medium). Some of these bacteria are listed in Table 3.1 . 

3.5.2. Localization within Organisms 

The enzyme is associated with the cell wall in Eschericha colf^ and other gram- 
negative bacteria."*^ It is generally thought to be localized to the periplasmic space 
(Figure 3.2) between the cell wall and the cytoplasmic membrane.*^*^^*^® Nisonson et 
al^^ and Wetzel et al.^^ who studied 5 'nucleotidase and£*. coli alkaline phosphatase, 
respectively, showed that the apparent distribution of the reaction products was strongly 
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TABLE 3.1. Some Bacteria Reported to Synthesize Alkaline Phosphatase 



jenerally feed on 
iepleted, the cells 
lody (= sorocarp) 
and the cycle is 

fe cycle. Activity 
^rnass."*^* High 
asZ). mucoroides 
owth medium re- 
protein synthesis, 
formation in D, 
> prevent this rise, 
ail to aggregate or 
variety.^' 



md to the plasma 
ete solubilization, 
owed that one of 
but not for other 

ssociated with the 
'tosis. Colchicine 
ellular membrane 



Species 


Ref. no. 


Species 


Ref, no. 


Aerobacter aerogenes 


131 


Neisseria spp. 


152 


Bacillus anthracis 


132 


Proteus spp. 


150 


B. cereus 


133 


Pseudomonas aeuruginosa 


153 


B. licheniformis 


134 


Ps. fluorescens 


154 


B. megaterium 


133 


Pseudomonas spp. 


44 


Bacillus spp. 


53, 133.135 


Salmonella typhimurium 


155.156 


B, subtilis 


56, 137-142 


Serratia marcescens 


157,158 


Bacteroides ruminicola 


55 


Serratia spp. 


150 


Escherichia coli 


57. 143-147 


Staphylococcus aureus 


143, 159-161 


Halobacterium salinarium 


148 


Thermus aquaticus 


136 


Klebsiella aerogenes 


149 


Thiobacillus thioparus 


1003 


Klebsiella spp. 


150 


Vibrio alginolyticus 


162 


Micrococcus sodonensis 


151 







influenced by the method of fixation and other cytochemical procedural detaOs. Thus, 
glutaraldehyde-fixed E, coli organisms displayed lead precipitate in the periplasmic space, 
while formalin fixation caused the precipitate to appear on the cell surface."*® \n Pseudo- 
monas aeruginosa, glutaraldehyde fixation caused the enzyme to appear on the cell 
surface.^^ 

Wetzel et al"^^ showed that alkaline phosphatase activity in E, coli is particularly 
intense at the polar caps of these elongated organisms. 

Some bacteria, such as certain mutants of Bacillus subtilis^^ and E. coli,^"^ have 
defective cell walls. These organisms release alkaline phosphatase into the culture medium 
during growth. In some instances, as in Bacteroides ruminicola, the enzyme is firmly 
bound to the cell-wall structures and cannot be released except by complete disruption 
of the cells.^^ Inouye et al,^^ synthesized E. coli alkaUne phosphatase in a cell-free sys- 
tem, using DNA or messenger RNA templates. 
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FIGURE 3.2. Electron-microscopic appearance of a single Escherichia coli organism stained for alka- 
line phosphatase. The enzyme is situated in the space between the outer membrane (indicated by 
anows) and the plasma membrane. There is evidence that monomers migrate into this space, that di- 
merization and zinc-binding occur at this site, and that enzymatic activity is not seen until these events 
have taken place (see Chapter 5). From Done et al^^ With permission. 
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CHAPTER 7 MEASUREMI 



TABLE 7.6. Selected References for Methods of Preparation of Substrates 
Employed in the Assay of Alkaline Phosphatases 



TAB 



Substrate 



Author(s) and (year) 



Ref. 
no. 



p-Nitrophenylphosphate 



Phenylphosphate 
Cyclohexanol phosphate 
p-Bromophenylphosphate 
Phenolphthalein diphosphate 
Phenol red diphosphate 
Thymol blue diphosphate 
Bromphenol blue diphosphate 
Phenol tetrachlorphthalein diphosphate 
Thymolphthalein diphosphate 
Fluorescein phosphate 
o-Carboxyphenylphosphate 
Naphthyl AS-MX phosphate^ 
, Naphthyl AS-Bl phosphate** 
Naphthyl AS-BS phosphate 
Cysteamine-»y-phosphate 
Imidodiphosphate 
Tyrosine-O-phosphate 
Methylumbelliferylphosphate 
2,4-Dinitrophenylphosphate 
Thymolphthalein monophosphate 

^ p-Toluidinium-5-bromo-6-chloro-3-indolyl phosphate 
5 -Brom o- 6-chloro-3-indoly 1 phospha te 
o-Nitrophenylphosphate* 
p-Nitrophenylphosphorothioate 
Naphthol AS phosphate 
p-Phenylazophenylphosphate 
A^-(-a-naphthyl) phosphoramidate* 
4-Formylphenylphosphate 
p-Phenylazophenyl-O-phosphorothioate 



Ohmori(1937) 7 
King and Nicholson (1939) j 19 

Bessey and Love (1952) 120 
Aschaffenburg(1953) . 121 
King and Nicholson (1939) n9 
King and Nicholson (1939) 119 
King and Nicholson (1939) 119 
King (1943) 122 
King (1943) 122 

King (1943) 122 

King (1943) 122 

King (1943) 122 

King (1943) 122 

Neumann ( 1 94 8) ] 23 

Hofstee(1954) 124 

Burstone(1958) 125 

Burstone (1958) 125 

Burstone (1958) 125 

Akerfeldt(1959) 126 

Nielsen e/ff/. (1961) 127 

MitcheU and Lunan (1964) 128 

Fernley and Walker (1965) 1 16 

Kirby and Varvoglis (1966) 129 

Coleman (1966) 130 

Proksch(1972) 178 

Hoimtz etal, (1966) 131 

Horwitze/tf/. (1966) 131 

Kirby and Varvoglis (1967) 132 

Breslow and Katz (1968) 133 
Vaughaneffl/. (1971) 23 

Mushak and Coleman (1972) 1 34 

Snyder and WUson (1972) 135 

WiUiamse/ff/. (1973) 136 

Chlebowski and Coleman (1 974) 137 



Lot 
no. 



^See Figure 7.7. *Many other substrates also synthesized. 



7.5.2. Impurities 

Impurities may be present in substrates either because they were not removed at 
the time of synthesis or because of spontaneous hydrolysis during storage. 

Salomon et al}^^ described the contamination of phenylphosphate by orthophos- 
phate. Similar observations have been made in our laboratory. A preparation of disodium 
phenylphosphate, which had been stored for 10 years at room temperature, contained 10 
mol% free phosphate but no measurable free phenol."***® This suggests that the free phos- 
phate was present from the time of synthesis and not as the result of spontaneous hy- 
drolysis (also see Section 7.3.3). 
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CHAPTER 12 

12.2.3. Binding of Inorganic Phosphate 

Alkaline phosphatases have a high affinity for inorganic orthophosphates which bind 
competitively with phosphate esters (see Section 6.11.1.1). The binding ^f inorsanic 
phosphate may cause conformational changes in the enzyme molecule (see Section 6 6 4^ 
and tiie type of bonding varies with pH throughout the physiological range"' (see Sec- 
tion 6.5.5). It IS therefore possible that an enzyme-phosphate complex oscillates rapidly 
between the mtra- and extracellular media, and that phosphatase action in vivo relates to 
phosphate transport. 'cwics lo 

However, the ability of alkaline phosphatase to ligate with orthophosphate in vitro 
ZT- T 7 °' Phy-logical function," nor does it imply that alkaline phos- 
phatase .s the so^e or even the primary phosphate-transport protein. Other phosphate- 
bmding protems have been identified in the periplasmic space of E. coli and while 
hese protems share some genetic regulatory mechanisms with alkaline phosphatase ^' 
they are structuraUy different.^'"" pnospnaiase, 

fnrth?H''°'''''lf •'"1""°"'*'^ ""^^^^ phosphatase and phosphate transport is 

further discussed m Section 12.5.5. i!> 



12.3. Distribution in Nature as a Clue to Function 

Where a substance is being moved in considerable quantity across a ceU membrane by an 
active process then there is very likely to be present in the ceU membrane a"ih^ncen- 
tration of alkaline phosphatase.^' * concen- 

12.3.1. Distribution in Microorganisms 

In microorganisms, alkaline phosphatase is often located in the periplasmic space (the 
T '"'^ ''^ membrane)."." Malamy and Horecker" specu- 

lated that the localization of the enzyme outside the cytoplasm provides it with ready ac- 
cess to substrates in the culture medium, while its absence from the interior of the cell al- 
lows the organism to conserve its pool of phosphate esters. Malamy and Horecker" 
showed that ^. coh organisms rapidly hydrolyze «P-labeled glucose-6-phosphate in the 
medium and retain approximately 30% of the liberated labeled phosphate in the cell 
even in the presence of excess inorganic phosphate. Malamy and Horecker" concluded 
that the organisms take up labeled phosphate (originating from glucose- 6-phosphate) 
preferentially, and that alkaline phosphatase is responsible for the hydrolysis of thi 
substrate (also see Section 1 2.6.2). 

showed that the active dimeric fomi of £: cc// alkaline phosphatase is 
e^^c . f'"" T'' ^P'^"^*^'* '"^^ arrangement protects the bac- 

Zf^l^^J^' T'Tl 1 'Y'"'' phosphatase in its cytoplasm. Tribhuwan 

^d Pradhim showed that substances such as procaine hydrochloride that alter the 
^ructure of ceU membranes diminish the formation off. coffalkaUne phosphatase dLVs 
Monomer fonnation and the synthesis of intraceUular enzymes are not afLted bylei 
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Inouye and Beckwith^'*^ have presented evidence that the first product in the syn- 
thesis of E, coli alkaline phosphatase by an in vitro system^^^ is several thousand daltons 
heavier than the natural E. coli monomer. The precursor could be converted to a frag- 
ment similar to the subunit of native E. coli alkaline phosphatase by an outer-membrane 
fraction of the E, coli cell. The precursor is more hydrophobic than the native subunit,^** 
which suggests a mechanism for passage of this protein material from its site of syn- 
thesis^''* through the highly hydrophobic layer of the bacterial inner membrane to its 
final location in the periplasmic space. 

123.2. Distribution in Plants 

Most plants are devoid of alkaline phosphatase (see Chapter 3, Section 3.2), If the 
hydrolysis of phosphate esters constitutes the principal '^function" of alkaline phospha- 
tases, then presumably plants either have no "need" of such enzymes or this function is 
fullfilled by alternate "phosphatases." 

Some parasitic plants are said to show alkaUne phosphatase activity in tissues that in- 
terface with the host plant.^'*^** 
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123.3. Distribution in Parasites 

The integument of higher animals usually contains little, if any, alkaline phosphatase 
(see Section 3.19.1). Cestodes, which absorb most of their nutrients through their cuticles, 
have their alkaline phosphatase localized almost exclusively in this structure^*"^^ (see 
Section 3.93). Adult tapeworms, which absorb nutrients from the medium more effi- 
ciently than larval fornis,^"* also have greater alkaline phosphatase activities.^* 

In adult Schistosoma mansoni, alkaline phosphatase is found in the cuticle," with . 
different distribution in males and females. Sex-related differences also exist in this spe- 
cies with regard to the host-parasite interface,^ ^ with alkaUne phosphatase activity local- 
ized in that portion of the cuticle that is in contact with host tissues (see Section 3.9.2.2). 

123.4. Absence from Aschelminthes {Nematodes) 

Many species in this phylum are devoid of alkaline phosphatase (see Section 3.1 1). In 
contrast, the host reaction to these parasites includes high concentrations of the enzyme 
in areas surrounding the parasite The phosphatase -free worms are killed by levami- 
sole which inhibits a number of alkaline phosphatases^^ (see Sections 6.11.2.5, 7.7.3.3, 
and 8.2.5.7.7), including the host enzyme surrounding the parasites.^* The relationship 
between the antihelminthic action of levamisole and its role as an alkaline phosphatase in- 
hibitor is not understood. 

12.3.5. Distribution in Digestive Systems 

SpeciaHzed absorptive cells almost invariably show high alkaline phosphatase activity, 
though there are notable exceptions (see Section 12.3.4). In a number of invertebrate spe- 
cies,"^^ food ingestion is associated with a demonstrable rise in intestinal alkaline phospha- 
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Headnotes 



PATENTS 



1. PatentabilityA^alidity Adequacy of disclosure (§ 115.12) 

Data disclosed in application for immunoassay method patent, which shows that applicants screened 
nine of 143 cell lines developed for production of antibody necessary to practice invention, stored 
remainder of said cell Unes, and found that four out of nine cell lines screened produced antibody falling 
within limitation of claims, were erroneously interpreted by Board of Patent Appeals and Interferences 
as failing to meet disclosure requirements of 35 USC 1 12, since board*s characterization of stored cell 
lines as "failures" demonstrating unreliability of applicants' methods was improper in view of fact that 
such unscreened cell lines prove nothing concerning probability of success of person skilled in art 
attempting to obtain requisite antibodies using applicants' methods. 

l^PatentabilityA^alidity — Adequacy of disclosure (§ 115.12 ) 

Disclosure in application for immunoassay method patent does not fail to meet enablement requirement 
of 35 USC 1 12 by requiring "undue experimentation," even though production of monoclonal antibodies 
necessary to practice invention first requires production and screening of numerous antibody producing 
cells or "hybridomas," since practitioners of art are prepared to screen negative hybridomas in order to 
find those that produce desired antibodies, since in monoclonal antibody art one "experiment" is not 
simply screening of one hybridoma but rather is entire attempt to make desired antibody, and since 
record indicates that amount of effort needed to obtain desired antibodies is not excessive, in view of 
applicants' success in each attempt to produce antibody that satisfied all claim limitations. 
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Appeal from decision of Patent and Trademark Office, Board of Patent Appeals and Interferences. 

Application for patent of Jack R. Wands, Vincent R. Zurawski, Jr., and Hubert J. P. Schoemaker, serial 
number 188,735. From decision of Board of Patent Appeals and Interferences affirming rejection of 
application, applicants appeal. Reversed; Newman, J., concurring in part and dissenting in part in 
separate opinion. 

Attorneys: 

Jorge A. Goldstein, of Saidman, Sterne, Kessler & Goldstein (Henry N. Wixon, with them on brief), 
Washington, D.C., for appellant. 

John H. Raubitschek, associate solicitor (Joseph F. Nakamura and Fred E. McKelvey, with him on 
brief), PTO, for appellee. 

Judge: 

Before Smith, Newman, and Bissell, circuit judges. 

Opinion Text 

Opinion By: 

Smith, J. 

This appeal is from the decision of the Patent and Trademark Office (PTO) Board of Patent Appeals and 
Interferences (board) affirming the rejection of all remaining claims in appellant's application for a 
patent, serial No. 188,735, entitled "Immunoassay Utilizing Monoclonal High Affinity IgM 
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Antibodies," which was filed September 19, 1980. LThe rejection under 35 U.S.C. §112, first 
paragraph, is based on the grounds that appellant's written specification would not enable a person 
skilled in the art to make the monoclonal antibodies that are needed to practice the claimed invention 
without undue experimentation. We reverse. 

I. Issue 

The only issue on appeal is whether the board erred, as a matter of law, by sustaining the examiner's 
rejection for lack of enablement under 35 U.S.C. §112, first paragraph, of all remaining claims in 
appellants' patent application, serial No. 188,735. 

II. Background 

A. The Art . 

The claimed invention involves immunoassay methods for the detection of hepatitis B surface antigen 
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by using high-affinity monoclonal antibodies of the IgM isotype. Antibodies are a class of proteins 
(immunoglobulins) that help defend the body against invaders such as viruses and bacteria. An antibody 
has the potential to bind tightly to another molecule, which molecule is called an antigen. The body has 
the ability to make millions of different antibodies that bind to different antigens. However, it is only 
after exposure of an antigen that a complicated immune response leads to the production of antibodies 
against that antigen. For example, on the surface of hepatitis B virus particles there is a large protein 
called hepatitis B surface antigen (HBsAg). As its name implies, it is capable of serving as an antigen. 
During a hepatitis B infection (or when purified HBsAg is injected experimentally), the body begins to 
make antibodies that bind tightly and specifically to HBsAg. Such antibodies can be used as reagents 
for sensitive diagnostic tests {e.g to detect hepatitis B virus in blood and other tissues, a purpose of the 
claimed invention). A method for detecting or measuring antigens by using antibodies as reagents is 
called an immunoassay . 

Normally, many different antibodies are produced against each antigen. One reason for this diversity is 
that different antibodies are produced that bind to different regions (determinants) of a large antigen 
molecule such as HBsAg. In addition, different antibodies may be produced that bind to the same 
determinant. These usually differ in the tightness with which they bind to the determinant. Affinity is a 
quantitative measure of the strength of antibody-antigen binding. Usually an antibody with a higher 
affinity for an antigen will be more usefiil for immunological diagnostic tests than one with a lower 
affinity. Another source of heterogeneity is that there are several immunoglobulin classes or isotypes . 
Immunoglobulin G (IgG) is the most common isotype in serum. Another isotype, immunoglobulin M 
(IgM), is prominent early in the immune response. IgM molecules are larger than IgG molecules, and 
have 10 antigen-binding sites instead of the 2 that are present in IgG. Most immunoassay methods use 
IgG, but the claimed invention uses only IgM antibodies. 

For commercial applications there are many disadvantages to using antibodies fi-om serum. Serum 
contains a complex mixture of antibodies against the antigen of interest within a much larger pool of 
antibodies directed at other antigens. There are available only in a limited supply that ends when the 
donor dies. The goal of monoclonal antibody technology is to produce an unlimited supply of a single 
purified antibody. 

The blood cells that make antibodies are lymphocytes . Each lymphocyte makes only one kind of 
antibody. During an immune response, lymphocytes exposed to their particular antigen divide and 
mature. Each produces a clone of identical daughter cells, all of which secrete the same antibody. 
Clones of lymphocytes, all derived fi*om a single lymphocyte, could provide a source of a single 
homogeneous antibody. However, lymphocytes do not survive for long outside of the body in cell 
culture. 

Hybridoma technology provides a way to obtain large numbers of cells that all produce the same 
antibody. This method takes advantage of the properties of myeloma cells derived fi-om a tumor of the 
immune system. The cancerous myeloma cells can divide indefinitely in vitro. They also have the 
potential ability to secrete antibodies. By appropriate experimental manipulations, a myeloma cell can 
be made to fuse with a lymphocyte to produce a single hybrid cell (hence, a hybridoma) that contains the 
genetic material of both cells. The hybridoma secretes the same antibody that was made by its parent 
lymphocyte, but acquires the capability of the myeloma cell to divide and grow indefinitely in cell 
culture. Antibodies produced by a clone of hybridoma cells (i.e., by hybridoma 
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cells that are all progeny of a single cell) are called monoclonal antibodies. 2 
B. The Claimed Invention . 

The claimed invention involves methods for the immunoassay of HBsAg by using high-affinity 
monoclonal IgM antibodies. Jack R. Wands and Vincent R. Zurawski, Jr., two of the three coinventors 
of the present application, disclosed methods for producing monoclonal antibodies against HBsAg in 
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United States patent No. 4,271,145 (the '145 patent), entitled "Process for Producing Antibodies to 
Hepatitis Virus and Cell Lines Therefor," which patent issued on June 2, 1981. The *145 patent is 
incorporated by reference into the application on appeal. The specification of the '145 patent teaches a 
procedure for immunizing mice against HBsAg, and the use of lymphocytes from these mice to produce 
hybridomas that secrete monoclonal antibodies specific for HBsAg. The '145 patent discloses that this 
procedure yields both IgG and IgM antibodies with high-affinity binding to HBsAg. For the stated 
purpose of complying with the best mode requirement of 35 U.S.C. § 1 1 2, first paragraph, a hybridoma 
cell line that secretes IgM antibodies against HBsAg (the 1F8 cell line) was deposited at the American 
Type Culture Collection, a recognized cell depository, and became available to the public when the '145 
patent issued. 

The application on appeal claims methods for immunoassay of HBsAg using monoclonal antibodies 
such as those described in the '145 patent. Most immunoassay methods have used monoclonal 
antibodies of the IgG isotype. IgM antibodies were disfavored in the prior art because of their 
sensitivity to reducing agents and their tendency to self-aggregate and precipitate. Appellants found that 
their monoclonal IgM antibodies could be used for immunoassay of HbsAg with unexpectedly high 
sensitivity and specificity. Claims 1, 3, 7, 8, 14, and 15 are drawn to methods for the immunoassay of 
HBsAg using high-affinity IgM monoclonal antibodies. Claims 19 and 25-27 are for chemically 
modified ( e.g ., radioactively labeled) monoclonal IgM antibodies used in the assays. The broadest 
method claim reads: 

1. An immunoassay method utilizing an antibody to assay for a substance comprising hepatitis B-surface 
antigen (HBsAg) determinants which comprises the steps of: 

contacting a test sample containing said substance comprising HBsAg determinants with said antibody; 
and 

determining the presence of said substance in said sample; 

wherein said antibody is a monoclonal high affinity IgM antibody having a binding affinity constant for 
said HBsAg determinants of at least 10 ^M- \ 

Certain claims were rejected under 35 U.S.C. §103; these rejections have not been appealed. Remaining 
claims 1, 3, 7, 8, 14, 15, 19, and 25-27 were rejected under 35 U.S.C. §1 12, first paragraph, on the 
groimds that the disclosure would not enable a person skilled in the art to make and use the invention 
without undue experimentation. The rejection is directed solely to whether the specification enables one 
skilled in the art to make the monoclonal antibodies that are needed to practice the invention. The 
position of the PTO is that data presented by Wands show that the production of high-affinity IgM anti- 
HBsAg antibodies is unpredictable and unreliable, so that it would require undue experimentation for 
one skilled in the art to make the antibodies. 

III. Analysis 

A. Enablement by Deposit of Micro-organisms and Cell Lines . 

The first paragraph of 35 U.S.C. §112 requires that the specification of a patent must enable a person 
skilled in the art to make and use the claimed invention. "Patents * * * are written to enable those 
skilled in the art to practice the invention." 3_A patent need not disclose what is well known in the art. 4 
Although we review underlying facts found by the board under a "clearly erroneous" standard, 5„we 
review enablement as a question of law. 6 

Where an invention depends on the use of living materials such as microorganisms or 
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cultured cells, it may be impossible to enable the public to make the invention (i.e., to obtain these living 
materials) solely by means of a written disclosure. One means that has been developed for complying 
with the enablement requirement is to deposit the living materials in cell depositories which will 
distribute samples to the public who wish to practice the invention after the patent issues. 7 
Administrative guidelines and judicial decisions have clarified the conditions under which a deposit of 
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organisms can satisfy the requirements of section 112. 8_A deposit has been held necessary for 
enablement where the starting materials (i.e., the living cells used to practice the invention, or cells from 
which the required cells can be produced) are not readily available to the public. 9_Even when starting 
materials are available, a deposit has been necessary where it would require undue experimentation to 
make the cells of the invention from the starting materials. 10 

In addition to satisfying the enablement requirement, deposit of organisms also can be used to establish 
the filing date of the application as the prima facie date of invention, 11 and to satisfy the requirement 
under 35 U.S.C. §114 that the PTO be guaranteed access to the invention during pendency of the 
application. 12 Although a deposit may serve these purposes, we recognized, in In re Lundak , 13 that 
these purposes, nevertheless, may be met in ways other than by making a deposit. 
A deposit also may satisfy the best mode requirement of section 112, first paragraph, and it is for this 
reason that the 1F8 hybridoma was deposited in connection with the '145 patent and the current 
application. Wands does not challenge the statements by the examiner to the effect that, although the 
deposited 1F8 line enables the public to perform immunoassays with antibodies produced by that single 
hybridoma, the deposit does not enable the generic claims that are on appeal. The examiner rejected the 
claims on the grounds that the written disclosure was not enabling and that the deposit was inadequate. 
Since we hold that the written disclosure fully enables the claimed invention, we need not reach the 
question of the adequacy of deposits. 
B. Undue Experimentation . 

Although inventions involving microorganisms or other living cells often can be enabled by a deposit, 
14 a deposit is not always necessary to satisfy the enablement requirement. 15 No deposit is necessary if 
the biological organisms can be obtained from readily available sources or derived from readily 
available starting materials through routine screening that does not require undue experimentation. 16 
Whether the specification in an application involving living cells (here, hybridomas) is enabled without 
a deposit must be decided on the facts of the particular case. 17 
Appellants contend that their written specification fully enables the practice of 
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their claimed invention because the monoclonal antibodies needed to perform the immunoassays can be 
made from readily available starting materials using methods that are well known in the monoclonal 
antibody art. Wands states that application of these methods to make high-affinity IgM anti-HBsAg 
antibodies requires only routine screening, and that does not amount to undue experimentation. There is 
no challenge to their contention that the starting materials (i.e., mice, HBsAg antigen, and myeloma 
cells) are available to the public. The PTO concedes that the methods used to prepare hybridomas and to 
screen them for high-affinity IgM antibodies against HBsAg were either well known in the monoclonal 
antibody art or adequately disclosed in the '145 patent and in the current appUcation. This is consistent 
with this court's recognition with respect to another patent application that methods for obtaining and 
screening monoclonal antibodies were well known in 1980. 18 The sole issue is whether, in this 
particular case, it would require undue experimentation to produce high-affinity IgM monoclonal 
antibodies. 

Enablement is not precluded by the necessity for some experimentation such as routine screening. 19 
However, experimentation needed to practice the invention must not be undue experimentation. 20 "the 
key word is 'undue,' not 'experimentation.' " 21 

The determination of what constitutes undue experimentation in a given case requires the application of 
a standard of reasonableness, having due regard for the nature of the invention and the state of the art. 
Ansul Co. V. Uniroyal, Inc. [448 F.2d 872, 878-79; 169 USPO 759 . 762-63 (2d Cir. 1971), cert, denied , 
404 U.S. 1018 [ 172 USPO 257 ] (1972)]. The test is not merely quantitative, since a considerable 
amount of experimentation is permissible, if it is merely routine, or if the specification in question 
provides a reasonable amount of guidance with respect to the direction in which the experimentation 
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should proceed * * * . 22 

The term "undue experimentation" does not appear in the statute, but it is well established that 
enablement requires that the specification teach those in the art to make and use the invention without 
undue experimentation. 23 Whether undue experimentation is needed is not a single, simple factual 
determination, but rather is a conclusion reached by weighing many factual considerations. The board 
concluded that undue experimentation would be needed to practice the invention on the basis of 
experimental data presented by Wands, These data are not in dispute. However, Wands and the board 
disagree strongly on the conclusion that should be drawn from that data. 

Factors to be considered in determining whether a disclosure would require undue experimentation have 
been summarized by the board in Ex parte Forman . 24 They include (1) the quantity of experimentation 
necessary, (2) the amount of direction or guidance presented, (3) the presence or absence of working 
examples, (4) the nature of the invention, (5) the state of the prior art, (6) the relative skill of those in the 
art, (7) the predictability or unpredictability of the art, and (8) the breadth of the claims. 25 
In order to understand whether the rejection was proper, it is necessary to discuss further the methods for 
making specific monoclonal antibodies. The first step for making monoclonal antibodies is to immunize 
an aninial. The *145 patent provides a detailed description of procedures for immunizing a specific 
strain of mice against HBsAg. Next the spleen, an organ rich in lymphocytes, is removed and the 
lymphocytes are separated from the other spleen cells. The lymphocytes are mixed with myeloma cells, 
and the mixture is treated to cause a few of the cells to fizse with each other. Hybridoma cells that 
secrete the desired antibodies then must be isolated from the enormous number of other cells in the 
mixture. This is done through a series of screening procedures. 

The first step is to separate the hybridoma cells from unfiised lymphocytes and myeloma cells. The cells 
are cultured in a medi 
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um in which all the lymphocytes and myeloma cells die, and only the hybridoma cells survive. The next 
step is to isolate and clone hybridomas that make antibodies that bind to the antigen of interest. Single 
hybridoma cells are placed in separate chambers and are allowed to grow and divide. After there are 
enough cells in the clone to produce sufficient quantities of antibody to analyze, the antibody is assayed 
to determine whether it binds to the antigen. Generally, antibodies from many clones do not bind the 
antigen, and these clones are discarded. However, by screening enough clones (often hundreds at a 
time), hybridomas may be found that secrete antibodies against the antigen of interest. 
Wands used a commercially available radioinmiunoassay kit to screen clones for cells that produce 
antibodies directed against HBsAg. In this assay the amount of radioactivity bound gives some 
indication of the strength of the antibody-antigen binding, but does not yield a numerical affinity 
constant, which must be measured using the more laborious Scatchard analysis. In order to determine 
which anti-HBsAg antibodies satisfy all of the limitations of appellants' claims, the antibodies require 
fiirther screening to select those which have an IgM isotype and have a binding affinity constant of at 
least 10 ^M- ^ 26 The PTO does not question that the screening techniques used by Wands were well 
known in the monoclonal antibody art. 

During prosecution Wands submitted a declaration under 37 C.F.R §1.132 providing information about 
all of the hybridomas that appellants had produced before filing the patent application. The first four 
fixsions were unsuccessfiil and produced no hybridomas. The next six fiision experiments all produced 
hybridomas that made antibodies specific for HBsAg. Antibodies that bound at least 10,000 cpm in the 
commercial radioimmunoassay were classified as "high binders." Using this criterion, 143 high-binding 
hybridomas were obtained. In the declaration, Wands stated that 27 

It is generally accepted in the art that, among those antibodies which are binders with 50,000 cpm or 
higher, there is a very high likelihood that high affinity (Ka [greater than] 10 ^M- antibodies will be 
found. However, high affinity antibodies can also be found among high binders of between 10,000 and 
50,000, as is clearly demonstrated in the Table. 
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The PTO has not challenged this statement. 

The declaration stated that a few of the high-binding monoclonal antibodies from two fusions were 
chosen for further screening. The remainder of the antibodies and the hybridomas that produced them 
were saved by freezing. Only nine antibodies were subjected to further analysis. Four (three from one 
fusion and one from another fusion) fell within the claims, that is, were IgM antibodies and had a 
binding affinity constant of at least 10 ^M- ^ Of the remaining five antibodies, three were found to be 
IgG, while the other two were IgM for which the affinity constants were not measured (although both 
showed binding well above 50,000 cpm). 

Apparently none of the frozen cell lines received any further analysis. The declaration explains that 
after useful high-affinity IgM monoclonal antibodies to HBsAg had been found, it was considered 
unnecessary to retum to the stored antibodies to screen for more IgMs. Wands says that the existence of 
the stored hybridomas was disclosed to the PTO to comply with the requirement under 37 C.F.R. §1.56 
that applicants fully disclose all of their relevant data, and not just favorable results, 28 How these stored 
hybridomas are viewed is central to the positions of the parties. 

The position of the board emphasizes the fact that since the stored cell lines were not completely tested, 
there is no proof that any of them are IgM antibodies with a binding affinity constant of at least 10 ^M- 
K Thus, only 4 out of 143 hybridomas, or 2.8 percent, were proved to fall within the claims. 
Furthermore, antibodies that were proved to be high-affinity IgM came from only 2 of 10 fusion 
experiments. These statistics are viewed by the board as evidence that appellants* methods were not 
predictable or reproducible. The board concludes that Wands' low rate of demonstrated success shows 
that a person skilled in the art would have to 
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engage in undue experimentation in order to make antibodies that fall within the claims. 
Wands views the data quite differently. Only nine hybridomas were actually analyzed beyond the initial 
screening for HBsAg binding. Of these, four produced antibodies that fell within the claims, a 
respectable 44 percent rate of success. (Furthermore, since the two additional IgM antibodies for which 
the affmity constants were never measured showed binding in excess of 50,000 cpm, it is likely that 
these also fall within the claims.) Wands argues that the remaining 134 unanalyzed, stored cell lines 
should not be vmtten off as failures. Instead, if anything, they represent partial success. Each of the 
stored hybridomas had been shown to produce a high-binding antibody specific for HBsAg. Many of 
these antibodies showed binding above 50,000 cpm and are thus highly likely to have a binding affmity 
constant of at least 10 ^M- K Extrapolating from the nine hybridomas that were screened for isot)^e 
(and from what is well known in the monoclonal antibody art about isotype frequency), it is reasonable 
to assume that the stored cells include some that produce IgM, Thus, if the 134 incompletely analyzed 
cell lines are considered at all, they provide some support (albeit without rigorous proof) to the view that 
hybridomas falling within the claims are not so rare that undue experimentation would be needed to 
make them. 

The first four fusion attempts were failures, while high-binding antibodies were produced in the next six 
fusions. Appellants contend that the initial failures occurred because they had not yet leamed to fuse 
cells successfully. Once they became skilled in the art, they invariably obtained numerous hybridomas 
that made high-binding antibodies against HBsAg and, in each fusion where they detennined isotype 
and binding affmity they obtained hybridomas that fell within the claims. 
Wands also submitted a second declaration under 37 C.F.R. §1.132 stating that after the patent 
application was submitted they performed an eleventh fusion experiment and obtained another 
hybridoma that made a high-affinity IgM anti-HBsAg antibody. No information was provided about the 
number of clones screened in that experiment. The board determined that, because there was no 
indication as to the number of hybridomas screened, this declaration had very little value. While we 
agree that it would have been preferable if Wands had included this information, the declaration does 
show that when appellants repeated their procedures they again obtained a hybridoma that produced an 
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antibody that fit all of the limitations of their claims. 

[1] We conclude that the board's interpretation of the data is erroneous. It is strained and unduly harsh 
to classify the stored cell lines (each of which was proved to make high-binding antibodies against 
HBsAg) as failures demonstrating that Wands' methods are unpredictable or unreliable. 29 At worst, 
they prove nothing at all about the probability of success, and merely show that appellants were prudent 
in not discarding cells that might someday prove useful. At best, they show that high-binding 
antibodies, the starting materials for IgM screening and Scatchard analysis, can be produced in large 
numbers. The PTO's position leads to the absurd conclusion that the more hybridomas an applicant 
makes and saves without testing the less predictable the applicant's results become. Furthermore, 
Wands' explanation that the first four attempts at cell fusion failed only because they had not yet learned 
to perform fusions properly is reasonable in view of the fact that the next six fusions were all 
successful. The record indicates that cell fusion is a technique that is well known to those of ordinary 
skill in the monoclonal antibody art, and there has been no claim that the fusion step should be more 
difficult or unreliable where the antigen is HBsAg than it would be for other antigens. 
[2] When Wands' data is interpreted in a reasonable manner, analysis considering the factors 
enumerated in Ex parte Forman leads to the conclusion that undue experimentation would not be 
required to practice the invention. Wands' disclosure provides considerable direction and guidance on 
how to practice their invention and presents working examples. There was a high level of skill in the art 
at the time when the application was filed, and all of the methods needed to practice the invention were 
well known. 

The nature of monoclonal antibody technology is that it involves screening hybridomas to determine 
which ones secrete antibody with desired characteristics. Practitioners of this art are prepared to screen 
negative hybridomas in order to find one that makes the desired antibody. No evidence was presented 
by either party on how many hybridomas would be viewed by those in the art as requiring undue 
experimentation to screen. However, it seems unlikely that un 
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due experimentation would be defined in terms of the number of hybridomas that were never screened. 
Furthermore, in the monoclonal antibody art it appears that an "experiment" is not simply the screening 
of a single hybridoma, but is rather the entire attempt to make a monoclonal antibody against a particular 
antigen. This process entails immunizing animals, fusing lymphocytes from the immunized animals 
with myeloma cells to make hybridomas, cloning the hybridomas, and screening the antibodies 
produced by the hybridomas for the desired characteristics. Wands carried out this entire procedure 
three times, and was successful each time in making at least one antibody that satisfied all of the claim 
limitations. Reasonably interpreted. Wands' record indicates that, in the production of high- affinity IgM 
antibodies against HBsAG, the amount of effort needed to obtain such antibodies is not excessive. 
Wands' evidence thus effectively rebuts the examiner's challenge to the enablement of their disclosure. 
30 

IV. Conclusion 

Considering all of the factors, we conclude that it would not require undue experimentation to obtain 
antibodies needed to practice the claimed invention. Accordingly, the rejection of Wands' claims for 
lack of enablement under 35 U.S.C. §1 12, first paragraph, is reversed. 

REVERSED 



Footnotes 

Footnote I, I n re Wands , Appeal No. 673-76 (Bd. Pat. App. & Int. Dec. 30, 1986). 

Footnote 2. For a concise description of monoclonal antibodies and their use in immunoassay see 
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Hybritech. Inc. v. Monoclonal Antibodies. Inc ., 802 F.2d 1367, 1368-71, 231 USPO 81 . 82-83 (Fed. 
Cir. 1986), cert, denied, 107 S.Ct. 1606 (1987). 

Footnote 3. W.L. Gore c& Assocs.. Inc. v. Garlock, Inc ., 721 F.2d 1540, 1556, 220 USPO 303 . 315 (Fed. 
Cir. 1983), cert, denied, 469 U.S. 851 (1984). 

Footnote 4. L indemann Maschinenfabrik GMBH v. American Hoist & Derrick Co ., 730 F.2d 1452, 
1463, 221 USPO 481 . 489 (Fed. Cir. 1984). 

Footnote 5. Coleman v. Dines , ISA F.2d 353, 356, 224 USPO 857 . 859 (Fed. Cir. 1985). 
Footnote 6. M oleculon Research Corp. v. CBS, Inc ., 793 F.2d 1261, 1268, 229 USPO 805 . 810 (Fed. 
Cir. 1986), cert, denied , 107 S.Ct. 875 (1987); Raytheon Co. v. Roper Corp ., 724 F.2d 951, 960 n.6, 
220 USPO 592 . 599 n.6 (Fed. Cir. 1983), cert, denied , 469 U.S. 835 [ 225 USPQ 232 ] (1984). 
Footnote 7. I n re Argoudelis , 434 F.2d 1390, 1392-93, 168 USPO 99 . 101-02 (CCPA 1970). 
Footnote 8. I n reLundak , 111 F.2d 1216, 227 USPO 90 (Fed. Cir. 1985); Feldman v. Aunstrup , 517 
F.2d 1351, 186 USPO 108 (CCPA 1975), cert, denied , 424 U.S. 912 [ 188 USPQ 720 ] (1976); Manual 
of Patent Examining Procedure (MPEP) 608.01 (p)(C) (5th ed. 1983, rev. 1987). See. generally Hampar, 
Patenting of Recombinant DNA Technology: The Deposit Requirement , 67 J. Pat. Trademark Off 
Soc'y 569 (1985). 

Footnote 9. I n re Jackson , 217 USPO 804 . 807-08 (Bd. App. 1982) (strains of a newly discovered 
species of bacteria isolated from nature); Feldman , 517 F.2d 1351, 186 USPO 108 (uncommon fungus 
isolated from nature); In re Argoudelis , 434 F.2d at 1392, 168 USPO at 102 (novel strain of antibiotic- 
producing microorganism isolated from nature); In re Kropp , 143 USPO 148 . 152 (Bd. App. 1959) 
(newly discovered microorganism isolated from soil). 

Footnote 10. E x parte Forman , 230 USPO 546 . 547 (Bd. Pat. App. & Int. 1986) (genetically 
engineered bacteria where the specification provided insufficient information about the amount of time 
and effort required); In re Lundak , 111 F.2d 1216, 227 USPQ 90 (unique cell line produced from 
another cell line by mutagenesis). 

Footnote 11. / « reLundak , 113 F.2d at 1222, 227 USPQ at 95-96 : In re Feldman , 517 F.2d at 1355, 
186 USPO at 113 : In re Argoudelis , 434 F.2d at 1394-96, 168 USPO at 103-04 (Baldwin, J. 
concurring). 

Footnote 12. I n reLundak , 773 F.2d at 1222, 227 USPQ at 95-96 : In re Feldman ,517 F.2d at 1354, 
186 USPO at 112 . 

Footnote 13. / « reLundak . 773 F.2d at 1222. 227 USPQ at 95-96 . 
Footnote 14. I n re Argoudelis , 434 F.2d at 1393, 168 USPO at 102 . 
Footnote 15. Tabuchi v. Nubel , 559 F.2d 1 183, 194 USPO 521 (CCPA 1977). 
Footnote 16. I d . at 1 186-87, 194 USPO at 525 : Merck & Co. v. Chase Chem. Co ., 273 F.Supp. 68, 77, 
155 USPO 139 . 146 (D.N.J. 1967); Guaranty Trust Co. v. Union Solvents Corp ., 54 F.2d 400, 403-06, 
12 USPQ 47, 50-53 (D. Del. 1931), ajgrd , 61 F.2d 1041, 15 USPQ 237 (3d Cir. 1932), cert, denied, 
288 U.S. 614 (1933); MPEP 608.01 (p)(C) ("No problem exists when the microorganisms used are 
known and readily available to the public"). 

Footnote 17. / « re Jackson , 217 USPO at 807 : see In re Metcalfe ,410 F.2d 1378, 1382, 161 USPO 
789 . 792 (CCPA 1969). 

Footnote 18. H ybritech , 802 F.2d at 1384, 231 USPO at 94 . 

Footnote 19. I d: Atlas Powder Co. v. E.I DuPontDe Nemours & Co ., 750 F.2d 1569, 1576, 224 USPO 
409 . 413 (Fed. Cir. 1984); In re Angstadt , 537 F.2d at 502-504, 190 USPO at 218 : In re Geerdes , 491 
F.2d 1260, 1265, 180 USPO 789 . 793 (CCPA 1974); Mineral Separation. Ltd. v. Hyde , 242 U.S. 261, 
270-71 (1916). 

Footnote 20. H ybritech , 802 F.2d at 1384, 231 USPO at 94 : W.L. Gore , 721 F.2d at 1557, 220 USPO 
at 316 : In re Colianni , 561 F.2d 220, 224, 195 USPO 150 . 153 (CCPA 1977) (Miller, J., concurring). 
Footnote 21. I n re Angstadt , 537 F.2d at 504, 190 USPO at 219 . 
Footaote 22. I n re Jackson , 217 USPO at 807 . 

Footnote 23. See Hybritech , 802 F.2d at 1384, 231 USPQ at 94 : Atlas Powder , 750 F.2d at 1576, 224 
USPO at 41 3 . 
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Footnote 24. E x parte Forman , 230USPO at 547 . 

Footnote 25. M ; see In re Colianni , 561 F.2d at 224, 195 USPO at 153 (Miller, J., concurring); In re 
Rainer , 347 F.2d 574, 577, 146 USPO 218 , 221 (CCPA 1965). 

Footnote 26. The examiner, the board, and Wands all point out that, technically, the strength of 
antibody-HBsAg binding is measured as avidity , which takes into account multiple determinants on the 
HBsAg molecule, rather than affinity. Nevertheless, despite this correction, all parties then continued to 
use the term "affinity." We will use the terminology of the parties. Following the usage of the parties, 
we will also use the term "high-affinity" as essentially synonymous with "having a binding affinity 
constant of at least 10 ^M- '." 

Footnote 27. A table in the declaration presented the binding data for antibodies from every cell line. 

Values ranged from 13,867 to 125,204 cpm, and a substantial proportion of the antibodies showed 

binding greater than 50,000 cpm. In confirmation of Dr. Wand's statement, two antibodies with binding 

less than 25,000 cpm were found to have affinity constants greater than 10 ^M- ^ 

Footnote 28. S ee Rohm & Haas Co, v. Crystal Chem, Co ., 722 F.2d 1556, 220 USPQ 98 (Fed. Cir. 

1983). 

Footnote 29. Even if we were to accept the PTO's 2.8% success rate, we would not be required to reach 
a conclusion of undue experimentation. Such a determination must be made in view of the 
circumstances of each case and cannot be made solely by reference to a particular numerical cutoff 
Footnote 30. I n re Strahilevitz , 668 F.2d 1229, 1232, 212 USPO 56K 563 (CCPA 1982). 

Concurring/Dissenting Opinion Text 

Concurrence/Dissent By: 

Newman, J., concurring in part, dissenting in part. 

A 

I concur in the court's holding that additional samples of hybridoma cell lines that produce these high- 
affinity IgM monoclonal antibodies need not be deposited. This invention, as described by Wands, is 
not a selection of a few rare cells from many possible cells. To the contrary. Wands states that all 
monoclonally produced IgM antibodies to hepatitis B surface antigen have the desired high avidity and 
other favorable properties, and that all are readily preparable by now-standard techniques. 
Wands states that his United States Patent No. 4,271,145 describes fully operable techniques, and is 
distinguished fi-om his first four failed experiments that are referred to in the Rule 132 affidavit. Wands 
argues that these biotechnological mechanisms are relatively well understood and that the preparations 
can be routinely duplicated by those of skill in this art, as in Hybritech, Ina v. Monoclonal Antibodies, 
Inc ., 802 F.2d 1367, 1380, 231 USPO 81 . 94 (Fed. Cir. 1986), cert, denied , 107 S.Ct. 1606 (1987). I 
agree that it is not necessary that there be a deposit of multiple exemplars of a cell system that is readily 
reproduced by known, specifically identified techniques. 

B 

I would affirm the board's holding that Wands has not complied with 35 U.S.C. §1 12, first paragraph, in 
that he has not provided data sufficient to support the breadth of his generic claims. Wands' claims on 
appeal include the following: 

19. Monoclonal high affinity IgM antibodies immunoreactive with HBsAg determinants, wherein said 
antibodies are coupled to an insoluble solid phase, and wherein the binding affinity constant of said 
antibodies for said HBsAg determinants is at least 10 ^M- ^ 

26. Monoclonal high affinity IgM antibodies immimoreactive with hepatitis B surface antigen. 
Wands states that he obtained 143 "high binding monoclonal antibodies of the right specificity" in the 
successful fusions; although he does not state how they were determined to be high binding or of the 
right specificity, for Wands also states that only nine of these 143 were tested. 

Of these nine, four (three fi-om one fusion and one from another fusion) were found to have the claimed 
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high affinity and to be of the IgM isotype. Wands states that the other five were either of a different 
isotype or their affinities were not determined. (This latter statement also appears to contradict his 
statement that all 143 were "high binding".) 

Wands argues that a "success rate of four out of nine", or 44.4%, is sufficient to support claims to the 
entire class. The Commissioner deems the success rate to be four out of 143, or 2.8%; to which Wands 
responds with statistical analysis as to how unlikely it is that Wands selected the only four out of 143 
that worked. Wands did not, however, prove the right point. The question is whether Wands, by 
testing nine out of 143 (the Commissioner points out that the randomness of the sample was not 
established), and finding that four out of the nine had the desired properties, has provided sufficient 
experimental support for the breadth of the requested claims, in the context that "experi 
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ments in genetic engineering produce, at best, unpredictable results", quoting fi-om Ex parte Forman , 
230 USPO 546 . 547 (Bd.Pat.App. and Int. 1986). 

The premise of the patent system is that an inventor, having taught the world something it didn't know, 
is encouraged to make the product available for public and commercial benefit, by governmental grant 
of the right to exclude others from practice of that which the inventor has disclosed. The boundary 
defining the excludable subject matter must be carefixUy set: it must protect the inventor, so that 
commercial development is encouraged; but the claims must be commensurate with the inventor's 
contribution. Thus the specification and claims must meet the requirements of 35 U.S.C. §112. In re 
Fisher, All F.2d 833. 839, 166 USPO 18 , 23-24 (CCPA 1970). 

As the science of biotechnology matures the need for special accommodation, such as the deposit of cell 
lines or microorganisms, may diminish; but there remains the body of law and practice on the need for 
sufficient disclosure, including experimental data when appropriate, that reasonably support the scope of 
the requested claims. That liaw relates to the sufficiency of the description of the claimed invention, and 
if not satisfied by deposit, must independently meet the requirements of Section 112. 
Wands is not claiming a particular, specified IgM antibody. He is claiming all such monoclonal 
antibodies in assay for hepatitis B surface antigen, based on his teaching that such antibodies have 
uniformly reproducible high avidity, fi'ee of the known disadvantages of IgM antibodies such as 
tendency to precipitate or aggregate. It is incumbent upon Wands to provide reasonable support for the 
proposed breadth of his claims. I agree with the Commissioner that four exemplars shown to have the 
desired properties, out of the 143, do not provide adequate support. 

Wands argues that the law should not be "harsher" where routine experiments take a long time. 
However, what Wands is requesting is that the law be less harsh. As illustrated in extensive precedent 
on the question of how much experimentation is "undue", each case must be determined on its own 
facts. See , e.g., W.L. Gore & Assocs., Inc. v. Garlock, Inc ., 721 F.2d 1540, 1557, 220 USPO 303 . 316 
(Fed. Cir. 1983), cert, denied , 469 U.S. 851 (1984); In reAngstadt , 537 F.2d 498, 504, 190 USPO 
214 . 218 (CCPA 1976); In re Cook , 439 F.2d 730, 734-35, 169 USPO 298 . 302-03 (CCPA 1971). 
The various criteria to be considered in determining whether undue experimentation is required are 
discussed in, for example, Fields v. Conover , 443 F.2d 1386, 170 USPO 276 (CCPA 1971); In re 
Rainer , 347 F.2d 574, 146 USPO 218 (CCPA 1965); Ex parte Forman , 230 USPQ at 547 . Wands 
must provide sufficient data or authority to show that his results are reasonably predictable within the 
scope of the claimed generic invention, based on experiment and/or scientific theory. In my view he has 
not met this burden. 



- End of Case - 
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FULL TEXT OF CASES (USPQ FIRST SERIES) 

In re Marzocchi and Horton, 169 USPQ 367 (CCPA 1971) 

In re Marzocchi and Horton, 169 USPQ 367 (CCPA 1971) 

In re Marzocchi and Horton 

(CCPA) 
169 USPQ 367 

Decided Apr. 15, 1971 
No. 8431 

U.S. Court of Customs and Patent Appeals 
Headnotes 

PATENTS 

1. Specification - Sufficiency of disclosure (§ 62.7) 

Recitation of generic term "polyethyleneamine" must be taken as assertion by applicants that all of the 
"considerable number of compounds" which are included within generic term would, as a class, be 
operative to produce asserted enhancement of adhesion characteristics; Patent Office has no concern 
over breadth of term; its only relevant concern should be over truth of such assertion; first paragraph of 
35 U.S.C. 1 12 requires nothing more than objective enablement; how such a teaching is set forth, either 
by use of illustrative examples or by broad terminology, is of no importance. 



2. Pleading and practice in Patent Office - Rejections (§ 54.7) 

Specification - Sufficiency of disclosure (§ 62.7) 

Specification disclosure which contains teaching of marmer and process of making and using the 
invention in terms corresponding in scope to those used in describing and defining subject matter sought 
to be patented must be taken as in compliance with enabling requirement of first paragraph of 35 U.S.C. 
112 unless there is reason to doubt objective truth of statements contained therein which must be relied 
on for enabling support; assuming that sufficient reason for such doubt exists, a rejection for failure to 
teach how to make and/or use will be proper on that basis; such a rejection can be overcome by suitable 
proofs indicating that teaching contained in specification is truly enabling. 



3. Pleading and practice in Patent Office - Rejections (§ 54.7) 

Specification - Sufficiency of disclosure (§ 62.7) 

In field of chemistry generally, there may be times when well-known unpredictability of chemical 
reactions will alone be enough to create reasonable doubt as to accuracy of broad statement put forward 
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as enabling support for claim; this will especially be the case where statement is, on its face, contrary to 
generally accepted scientific principles; most often, additional factors, such as teachings in pertinent 
references (not necessarily prior art), will be available to substantiate doubts that asserted scope of 
objective enablement is in fact commensurate with scope of protection sought and to support any 
demands based thereon for proof; it is incumbent upon Patent Office, whenever, a rejection on this basis 
is made, to explain why it doubts truth or accuracy of statement in supporting disclosure and to back up 
assertions of its own with acceptable evidence or reasoning which is inconsistent with contested 
statement; otherwise, there would be no need for applicant to support his presumptively accurate 
disclosure. 



Particular patents-Fiber Coatings 

Marzocchi and Horton, Fiber Coatings - Nitrogen Compounds for Improving Adhesion of Vinyl 
Polymers to Glass, claims 6 and 12 of application allowed; claims 5 and 1 1 refused. 



Case History and Disposition: 
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Appeal from Board of Appeals of the Patent Office. 

Application for patent of Alfred Marzocchi and Richard C. Horton, Serial No. 470,618, filed July 8, 
1965; Patent Office Group 140. From decision rejecting claims 5, 6, 11, and 12, applicants appeal. 
Affirmed as to claims 5 and 11; reversed as to claims 6 and 12. 

Attorneys: 

Herman Hersh and McDougall, Hersh, Scott & Ladd, both of Chicago, III 
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(Staelin & Overman, Toledo, Ohio, and George A. Degnan, Washington, D. C, of counsel) for 
appellants. 

S. Wm. Cochran (Fred W. Sherling of counsel) for Commissioner of Patents. 
Judge: 

Before Rich, Almond, Baldwin, and Lane, Associate Judges, and Durfee, Judge, United States Court of 
Claims, sitting by designation. 

Opinion Text 

Opinion By: 

Baldwin, Judge. 

This is an appeal from the decision of the Patent Office Board of Appeals which affirmed the final 
rejection of claims 5 and 1 1 of appellants* appUcation ^under 35 U.S.C. 103 as unpatentable in view of 
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Werner ^and of claims 6 and 12 under 35 U.S.C. 1 12 as being based on an inadequate disclosure. 
Claims 4 and 10 stand allowed. 

The Invention 

The subject matter of the claims on appeal involves a technique for improving the adhesion 
characteristics between glass fibers and vinyl polymer resins. Claim 5 is representative and reads as 
follows: 

5. In the combination of glass fibers and a vinyl polymer resin composition present as a coating 
on the glass fiber surfaces, the improvement which comprises mixing the vinyl polymer resin, 
prior to coating of the glass fibers, with an amine compound in an amount corresponding to 2- 
10% by weight of the vinyl polymer resin, and in which the amine compound is monomeric 
vinyl pyrrolidone. 

Claim 1 1 is drawn to the same concept as claim 5, but defines the invention as "a method of producing 
glass fibers coated with polyvinyl resin strongly bonded to the glass fiber surfaces." Claims 6 and 12 
differ fi-om claims 5 and 1 1 respectively solely in the recitation of "polyethyleneamine" as the critical 
"amine compoimd" additive. 

The Section 103 Rejection 

Claims 5 and 1 1 were rejected "as obvious in the sense of 35 U.S.C. 103 over Werner." Wemer, the 
sole reference relied upon here, is addressed to the improvement in the bonding relationship between 
glass and polyvinyl halide resins. The pertinent disclosure is as follows [emphasis added]: 

I have found that polyvinyl halide resins may be successfully modified so as to obtain excellent 
glass adhesion by employing a mixture of a polyvinyl halide and a polymer of N- vinyl 
pyrrolidone. By employing a mixture containing fi-om 80 to 97% of a polyvinyl halide and fi-om 
20 to 3% of a polymer of N- vinyl pyrrolidone, which term includes homopolymers of vinyl 
pyrrolidone and copolymers with other polymerizable monomers, a composition is obtained 
having extremely high adhesion to all glass surfaces. 

On the basis of this teaching the examiner took the position, accepted by the board, that the claimed use 
of monomeric vinyl pyrrolidone rather than Werner's polymeric vinyl pyrrolidone would be obvious to 
one of ordinary skill in the art since Werner's teaching would indicate to "one skilled in the art * * * that 
it is the vinyl pyrrolidone moiety that is enhancing the adhesion." It was also suggested by the examiner 
that since the claims recite no temperature conditions for the coating operation and since monomers 
polymerize when heated, the claims could possibly cover circumstances wherein the monomer is 
polymerized during application. The board appears to have accepted this suggestion and to have 
extended it even fiirther. It stated: 

All of Werner's examples specify heating at elevated temperatures (1 10°C.-130^C., 165^C., 
325°F., 350°F.) with and without elevated pressures. Appellants' specification says nothing 
about retaining the vinyl pyrrolidone in monomeric form, much less anything about "maximizing 
adhesion" by preventing polymerization. Indeed, the very designation of the vinyl pyrrolidone as 
a "monomeric" material introduced into a polymer system for the purpose of altering the 
properties of such system implies subsequent polymerization of the monomer. Appellants' 
further argument that the monomer has entirely different capabilities and solubilities than the 
polymer is also unpersuasive. 

Appellants' position on appeal in response to these assertions by the examiner and board is largely to 
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stress again the "marked difference between the properties and characteristics of a polymer as compared 
to a monomer," and to object to the "purely conjectural" assertion that the monomer polymerizes in the 
coating after it is applied. Additionally, appellants make the following contention: 

Even if it were assumed that appellants* monomeric vinyl pyrrolidone is polymerized when 
present in the polyvinyl chloride coating, there is no teaching or suggestion 
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in Werner that the use of monomeric vinyl pyrrolidone has any efficacy whatsoever in 
compositions of the type disclosed and claimed. The basis suggested by the Patent Office for the 
rejection is tantamount to the allegation it would be "obvious to try" the monomer. This "test" of 
obviousness has been frequently repudiated by this court. 

The sole issue is, of course, whether the Werner teaching does suggest to a person having ordinary skill 
in this art that the use of monomeric vinyl pyrrolidone would have the efficacy indicated in the appealed 
claims. We agree with appellants that whether the monomer polymerizes is irrelevant, at least in this 
regard. What is relevant, however, and here determinative, is the examiner's assertion that the Werner 
teaching would suggest that it is the vinyl pyrrolidone moiety alone and not some other characteristics 
pecuHar to a polymer which is efficacious in producing the desired adhesion enhancement. Mn the 
absence of anything to rebut this assertion, which is reasonable on its face, we are constrained to accept 
it as fact. The inferences which follow from such fact, i.e., that the monomer would possess this same 
characteristic and that one of ordinary skill would recognize such fact, are inescapable. 

It is acknowledged that the above line of reasoning may be viewed as being tantamount to drawing the 
inference that, to one possessing the ordinary level of skill in this art, it would be "obvious to try" the 
monomer. Nevertheless, such an inference of fact may, at times, be enough to justify drawing the 
ultimate conclusion of law that the claimed subject matter as a whole would have been obvious under 
section 103. We are satisfied that the circumstances of this case justify an initial conclusion of 
obviousness. Since the record before us contains nothing to rebut that conclusion, the decision with 
regard to claims 5 and 1 1 must be affirmed. 

The Section 112 Rejection 

Claims 6 and 12, which recite the use of "polyethyleneamine" as the adhesion enhancer, were criticized 
by the examiner as being based on a disclosure which was not enabling under the first paragraph of 35 
U.S.C. 1 12. The board affirmed his rejection of those claims with the following comment. 

The term is obviously generic to a considerable number of compounds varying in the number of 
ethylene groups, the number of amine groups and the relationship of the polyethylene groups to 
the amine groups, and accordingly does not provide a reasonable guide for those seeking to 
improve the adherence of vinyl resins to glass. 

We will reverse the board's decision on this rejection since we are unable to find sufficient justification 
for the holding that appellants' disclosure is not enabling. 

[1] Turning specifically to the objections noted by the board as indicated above, it appears that these 
comments indicate nothing more than a concern over the breadth of the disputed term. If we are correct, 
then the relevance of this concern escapes us. It has never been contended that appellants, when they 
included the disputed term in their specification, intended only to indicate a single compound. 
Accepting, therefore, that the term is a generic one, its recitation must be taken as an assertion by 
appellants that all of the "considerable number of compounds" which are included within the generic 
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term would, as a class, be operative to produce the asserted enhancement of adhesion characteristics. 
The only relevant concem of the Patent Office under these circumstances should be over the truth of any 
such assertion. The first paragraph of § 112 requires nothing more than objective enablement. How 
such a teaching is set forth, either by the use of illustrative examples or by broad terminology, is of no 
importance. 

{22 As a matter of Patent Office practice, then, a specification disclosure which contains a teaching of 
the manner and process of making and using the invention in terms which correspond in scope to those 
used in describing and defining the subject matter sought to be patented must be taken as in compliance 
with the enabling requirement of the first paragraph of § 1 12 unless there is reason to doubt the objective 
truth of the statements contained therein which must be relied on for enabling support. Assuming that 
sufficient reason for such doubt does exist, a rejection for failure to teach how to make and/or use will 
be proper on that basis; such a rejction can be overcome by suitable proofs indicating that the teaching 
contained in the specification is truly enabling. 

[3] In the field of chemistry generally,, there may be times when the well-known 

Page 370 

unpredictability of chemical reactions will alone be enough to create a reasonable doubt as to the 
accuracy of a particular broad statement put forward as enabling support for a claim. This will 
especially be the case where the statement is, on its face, contrary to generally accepted scientific 
principles. Most often, additional factors, such as the teachings in pertinent references, ^will be 
available to substantiate any doubts that the asserted scope of objective enablement is in fact 
commensurate with the scope of protection sought and to support any demands based thereon for proof. 
In any event, it is incumbent upon the Patent Office, whenever a rejection on this basis is made, to 
explain why it doubts the truth or accuracy of any statement in a supporting disclosure and to back up 
assertions of its own with acceptable evidence or reasoning which is inconsistent with the contested 
statement. Otherwise, there would be no need for the applicant to go to the trouble and expense of 
supporting his presumptively accurate disclosure. Cf In re Gazave, 54 CCPA 1524, 379 F.2d 973, 154 
USPO 92 (1967): In re Chilowsky, 43 CCPA 775, 229 F.2d 457, 108 USPO 321 (1956). 

In the present case, the circumstances we see do not support the reasonableness of any doubts which the 
Patent Office might have had concerning the adequacy of appellants* specification disclosure to support 
these claims. In fact, those circumstances tend to strengthen rather than weaken appellants' claim to the 
breadth of protection they seek. In the first place, it has not been asserted by the Patent Office that the 
chemical properties of known polyethyleneamines vary to such an extent that it would not be expected 
by one of ordinary skill in this art that any such compound would possess the necessary capability of 
enhancing adhesion. Additionally, we note that polyethyleneamine is listed in appellants' specification 
as being only one of a much larger class of amine compounds possessing this necessary characteristic. 
Finally, we recognize (as did the examiner) the generic nature of appellants' broader concept, i.e., that 
the desired property of adhesion enhancement stems largely fi"om the amine moiety. It does appear that 
variation of certain of the secondary factors mentioned by the examiner, such as molecular weight or 
proportion of ethylene groups, might influence to some degree or even mask the essential "amine" 
property of the polyethylene amine or its obviously equally essential compatibility with vinyl polymers. 
However, we see no basis to conclude that the ready avoidance of this result would not be within the 
level of ordinary skill in this art. Compare In re Skrivan, 57 CCPA 1201, 427 F.2d 801, 166 USPO 85 
(1970). 

Taking all these circumstances into consideration, we are constrained to conclude that the record before 
us contains insufficient grounds for questioning the accuracy of appellants' teaching that any 
polyethyleneamine (obviously excepting those whose essential "amine" characteristics and compatibility 
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with vinyl polymers would be masked by the secondary factors mentioned) will function to accomplish 
the asserted result. It follows that claims 6 and 12 must be held to be supported by a disclosure which is 
in compliance with the requirements of the first paragraph of 35 U.S.C. 1 12. 

Summary 

The decision of the board regarding claims 5 and 1 1 affirmed; that dealing with claims 6 and 12 is 
reversed. 

Footnotes 

Footnote 1. Serial No. 470,618, filed July 8, 1965, for "Fiber Coatings - Nitrogen Compounds for Improving Adhesion of 
Vinyl Polymers to Glass" as a continuation-in-part of Serial No. 96,106, filed March 16, 1961. 

Footnote 2. U. S. Patent No. 2,853,465, issued September 23, 1958. 

Footnote 3. Indeed, the reasonableness of such an assertion is confirmed by the very disclosure contained in appellants' 
application which indicates that efficacious adhesion enhancers are those "organic nitrogenous compoimds which are 
characterized both by an organic constitution which is compatible with the vinyl polymers and by a polarity expressed in the 
nitrogen function." As also pointed out by appellants in their brief (about which more will be said later), the nature of the 
present invention resides in the use of amine compounds, broadly, as adhesion enhancers. 

Footnote 4. N ot necessarily prior art references, it should be noted, since the question would be regarding the accuracy of a 
statement in the specification, not whether that statement had been made before. 



- End of Case - 
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Abstract. Bacterial nonspecific acid phosphohydrolases 
(NSAPs) are secreted enzymes, produced as soluble 
periplasmic proteins or as membrane-bound lipo- 
proteins, that are usually able to dephosphorylate a 
broad array of structurally unrelated substrates and 
exhibit optimal catalytic activity at acidic to neutral 
pH values. Bacterial NSAPs are monomeric or 
oligomeric proteins containing polypeptide components 
with an M, of 25-30 kDa. On the basis of amino acid 
sequence relatedness, three different molecular families 
of NSAPs can be distinguished, indicated as molecular 
class A, B and C, respectively. Members of each class 



share some common biophysical and functional fea- 
tures, but may also exhibit functional differences. 
NSAPs have been detected in several microbial taxa, 
and enzymes of different classes can be produced by 
the same bacterial species. Structural and phyletic rela- 
tionships exist among the various bacterial NSAPs and 
some other bacterial and eucaryotic phosphohydro- 
lases. Current knowledge on bacterial NSAPs is re- 
viewed, together with analytical tools that may be 
useful for their characterization. An overview is also 
presented concerning the use of bacterial NSAPs in 
biotechnology. 



Key words. Acid phosphohydrolases; bacteria; genetics; physiology; molecular evolution; microbial biotechnology. 



Introduction 

Bacteria have several enzymes able to dephosphorylate 
organic compounds, which play various essential or 
accessory roles in cell physiology. Most dephosphoryl- 
ating reactions known to occur in the procaryotic cell 
involve the hydrolysis of phosphoester or phosphoanhy- 
dride bonds and are catalysed by a group of enzymes 
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indicated overall as phosphohydrolases or phosphatases 
[I]. Some of these enzymes are secreted outside the 
plasiTia membrane, where they are either released in a 
soluble form or retained as membrane-bound proteins. 
These enzymes, which henceforth will be referred to as 
secreted phosphohydrolases, are believed to function 
essentially in scavenging organic phosphoesters (such as 
nucleotides, sugar phosphates, phytic acid etc.) that 
cannot cross the cytoplasmic membrane. Inorganic 
phosphate (Pi) and organic by-products are released, 
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that can be transported across the membrane, thus 
providing the cell with essential nutrients [2-4]. Some 
secreted phosphohydrolases have evolved specialized 
functions relevant to microbial virulence (e.g. the res- 
piratory burst-inhibiting acid phosphatases of Le- 
gionella micdadei [5] and Francisella tularensis [6], and 
the protein-tyrosine phosphatases of Yersinia spp. [7, 8] 
and Salmonella em erica ser. typhimurium [9]). Other 
phosphohydrolases are found in the cytosolic compart- 
ment, where they may be involved in dephosphorylating 
reactions occurring in signal transduction [10] as well as 
in several metabolic pathways. 

The interest in bacterial phosphohydrolases is not only 
related to their multiple roles in the biology of the 
procaryotic cell and to their occasional involvement in 
microbial pathogenicity but also to the possibility of 
exploiting these enzymes as (i) investigative tools in 
enzymology (see, for instance, refs 11, 12) and in regula- 
tion of gene expression (see, for instance, refs 13, 14); 
(ii) paradigms for molecular evolution (see, for instance, 
refs 15, 16); (iii) markers for bacterial taxonomy and 
identification (see, for instance, refs 17-19); (iv) re- 
porters in immunology and molecular biology (see, for 
instance, refs 20-21); (v) tools for bioremediation in 
environmental microbiology [22, 23]. 
Current knowledge on bacterial phosphohydrolases is 
far from being complete. Most of the available informa- 
tion is derived from studies performed in the Es- 
cherichia coli or S. enterica ser, typhimurium models of 
procaryotic cell, and even in these models, the exact 
number of phosphatase activities remains to be estab- 
lished and the roles of known enzymes are only partially 
understood [4]. Information on phosphohydrolases of 
other bacterial species is considerably more limited. 
Notions derived from comparative studies suggest that 
the phosphatase pattern can be variable even within 
closely related bacterial species [15, 24-27], so that 
results obtained studying one species may not necessar- 
ily be valid for others. The study of microbial phos- 
phatase, therefore, remains an active investigational 
field, with relevance to various aspects of microbial 
physiology and biotechnology. 

Classification of phosphatases, including the bacterial 
ones, was initially based on the biochemical and bio- 
physical properties of the enzyme such as pH optimum 
(acid, neutral or alkaline), substrate profile (nonspecific 
vs. specific for certain substrates) and molecular size 
(high vs. low molecular weight). As molecular sequence 
data for different enzymes became available, it was 
recognized that, like other proteins, phosphatases could 
be grouped into different molecular families according 
to similarity at the level of primary structure. This 
structural criterion has led to the definition of various 
molecular families and superfamilies of phosphatases, 
and signature sequence patterns specific for each family 



have been identified [28] which are useful for a tentative 
identification of the function of newly discovered genes 
from large-scale sequencing projects. 
The objective of this article is to review current infor- 
mation on bacterial nonspecific acid phosphohydrolases 
(NSAPs). This term refers to a group of secreted en- 
zymes which are usually able to hydrolyse a broad array 
of structurally unrelated organic phosphoesters and ex- 
hibit optimal catalytic activity at acidic to neutral pH 
values. Some of these enzymes were purified and char- 
acterized several years ago [29-31], but only recently 
have further investigations provided additional insights 
concerning the structure, function and distribution of 
bacterial NSAPs [27, 32-42], An overview is first pre- 
sented, in which the research done on bacterial NSAPs 
is briefly outlined, and current knowledge on these 
enzymes is summarized. Analytical tools useful for 
studying bacterial NSAPs are then reviewed. A detailed 
description of known bacterial NSAPs follows, in which 
structural and functional features of the various en- 
zymes, and their distribution, are reviewed and com- 
pared. The final section discusses the use of some 
bacterial NSAPs as tools for applications in 
biotechnology. 

Bacterial NSAPs: an overview 

The term 'NSAF was originally adopted to indicate 
bacterial enzymes which, unlike alkaline phosphatase, 
show optimal catalytic activity at acidic to neutral pH 
values and, unlike specific phosphohydrolases (e.g. 3'- 
nucleotidases, 5'-nucleotidases, hexose-phosphatases 
and phytases), do not exhibit a marked substrate spe- 
cificity, retaining activity towards several different and 
structurally unrelated phosphoesters. 
The existence of NSAP activity in the £. coli periplasm 
was reported in the late sixties [43], but this enzyme was 
not purified to homogeneity and further characterized. 
The first bacterial NSAPs purified and characterized in 
detail were the periplasmic PhoN (or nonspecific acid 
phosphatase I) and AphA (or nonspecific acid phos- 
phatase II) enzymes produced by S. enterica ser. ty- 
phimurium [29-32]. Both enzymes were made by 
polypeptides of relatively low molecular mass (around 
25 kDa), but showed different biophysical and func- 
tional properties. 

Subsequent studies, performed on different bacterial 
species, demonstrated that production of acid phospho- 
hydrolases containing low molecular mass polypeptides 
(i.e. in the 25-30-kDa range) and showing properties 
similar to the Salmonella NSAPs was not restricted to 
members of the latter genus, being actually widespread 
among several different microbial taxa [27, 33, 36-40]. 
At the same time, cloning of some NSAP-encoding 
genes allowed identification, on the basis of amino acid 
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sequence relatedness, of the existence of two different 
molecular families of NSAPs that we proposed to des- 
ignate as molecular class A and molecular class B 
bacterial NSAPs, respectively [37, 38]. According to 
this criterion, the Salmonella PhoN enzyme [34, 35] 
turned out to be a member of molecular class A, 
while the AphA enzyme belonged to molecular class B 
[37, 38]. 

Most recently, further investigation on NSAPs pro- 
duced by nonenterobacteriai species led to the discov- 
ery of a third molecular family of bacterial NSAP that 
we have proposed to designate as molecular class C 
[42]. Enzymes of this class appear to be distantly re- 
lated to class B NSAPs from the structural and evolu- 
tionary standpoint, but unlike the latter, which are 
secreted across the cytoplasmic membrane, yielding 
soluble periplasmic proteins, they carry an amino-ter- 
minal signal sequence typical of bacterial lipoproteins 
and are found as membrane-bound lipoproteins. 
Current knowledge on bacterial NSAPs can be sum- 
marized as follows: (i) bacterial NSAPs are wide- 
spread enzymes that can be found in several different 
microbial taxa; (ii) all the bacterial NSAPs thus far 
identified and characterized are secreted enzymes, of 
which some are produced as soluble periplasmic 
proteins, while others are membrane-bound lipo- 
proteins; (iii) at least three different molecular families 
of bacterial NSAPs can be identified on the basis of 
relatedness at the sequence level, and members of 
these families are designated as molecular class A, B 
and C NSAPs, respectively; signature sequence motifs 
specific for each molecular class have been defined 
that can be useful for a tentative identification of new 
hypothetical proteins; in addition to sequence similar- 
ity, members of each molecular class share some com- 
mon functional and biophysical features which can be 
exploited as phenotypic markers for presumptive class- 
ification of newly discovered enzymes; (iv) notwith- 
standing the existence of common features, members 
of each molecular class of NSAPs may exhibit func- 
tional differences suggesting that, within a molecular 
class, enzymes with different functions have evolved; 
in fact, although most NSAPs are active against a 
broad spectrum of substrates, some of them show a 
narrower substrate profile; (v) production of NSAPs 
of different molecular families can occur in the same 
bacterial species supporting the view that, at least in 
these cases, different physiological roles are played by 
enzymes of different classes; (vi) conserved structural 
motifs are shared among the various bacterial NSAPs 
and some other bacterial and eucaryotic phosphohy- 
drolases, rendering the former enzymes interesting also 
for studies of molecular evolution and comparative 
enzymology. 



Analytical tools for studying bacterial NSAPs 

Enzyme assays with crude preparations 

Screening for production of NSAP activity is compli- 
cated by the fact that the bacterial cell normally con- 
tains multiple phosphohydrolases with overlapping 
substrate profiles, whose production can be differen- 
tially regulated. Therefore, the simple measurement of 
phosphatase activity of whole cells or of crude cell 
extracts using chromogenic substrates is not expected 
to be highly informative. However, gross differences in 
the pattern of phosphatase production can also be de- 
tected using this simple approach [18, 26, 44], which is 
suitable for analysing a considerable number of 
strains. In fact, measurement of total phosphatase ac- 
tivity produced by different members of the family 
Enterobacteriaceae showed that Providencia stuartii 
and Morganella morganii are able to produce a high- 
level Pj-irrepressible acid phosphatase (HPAP) activity 
(indicated as HPAP phenotype), unlike most other en- 
terobacterial species, which produce only low to mod- 
erate levels of acid phosphatase activity under similar 
conditions [18, 26]. This feature has also been ex- 
ploited for rapid identification of the above species by 
means of suitable indicator media [18, 45]. 



Enzyme purification and characterization 

The classical approach for characterization of individ- 
ual bacterial phosphohydrolases is represented by en- 
zyme purification followed by biophysical and 
biochemical characterization of the purified protein. 
This approach has been successfully pursued for the 
analysis of some NSAPs [29, 31] but can be rather 
complex and is not suitable for screening several 
strains. The purification procedure has to be adjusted 
for each new enzyme and may be complicated by the 
presence, in the starting material, of several enzymes 
active on the substrate used to monitor the purifica- 
tion steps. 



Zymogram assays 

A further alternative beyond enzymatic assays with 
crude preparations and enzyme purification is repre- 
sented by the analysis of phosphatase activities using 
zymogram techniques. In this case crude extracts are 
first subjected to an electrophoretic separation, and 
phosphatase activities are subsequently detected in situ 
by means of chromogenic reactions. Such reactions 
are based either on substrates which yield coloured 
products upon dephosphorylation [27, 33, 36, 46] or 
on the detection of the released P; by means of the 
acidified ammonium molybdate method, which yields 
a blue precipitate [37, 47]. 
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Electro phoretic separation in zymograms is classically 
done under nondenaturing conditions, using either 
isoelectric focusing or gel electrophoresis. Although use- 
ful in separating the various activities, these procedures 
do not provide precise information on the molecular size 
of the enzyme. An interesting alternative is to conduct 
zymograms after sodium dodecylsulfate- poly aery lamide 
gel electrophoresis (SDS-PAGE) [48] followed by a 
treatment which allocs enzyme renaturation in the gel 
matrix (renaturing SDS-PAGE) [27, 36]. With this ap- 
proach, proteins are separated on the basis of the size of 
their polypeptide component, and the migration dis- 
tance at which the band of activity is detected depends 
on the molecular mass of the polypeptide component of 
the enzyme. Limitations of renaturing SDS-PAGE are 
represented by its intrinsic inability to detect heteropoly- 
meric enzymes, and by the possibility that the boiling 
step in the presence of SDS may cause irreversible 
denaturation of the protein. According to our experi- 
ence, NSAPs of all molecular classes (A, B and C) as 
well as other secreted bacterial phosphohydrolases, in- 
cluding alkaline phosphatases, 2':3'-cyclic phosphodi- 
esterases and acid-hexose phosphatases, can be 
zymographically detected after renaturing SDS-PAGE 
[27, 36-38, 41, 42, 49 and unpublished results]. 
Zymogram' analysis is suitable in analysing several bac- 
terial strains while providing significantly more informa- 
tion than simple enzymatic assays with crude 
preparations. Since different substrates can be used for 
the development of phosphatase activity, zymograms 
can be useful in determining the substrate profile of the 
various enzymes [27, 36, 49]. Moreover, enzyme in- 
hibitors {e.g. EDTA, tartrate, fluoride ions, SDS etc.) 
can be added to the equilibration buffer at the desired 
concentration to assay their effect on the enzyme activity 
[27]. Densitometric analysis of the bands of activity can 
be employed for quantitative measurements that can be 
useful for comparing enzyme activity against different 
substrates or for studying regulation of production of 
the enzyme [36]. 



phosphatase-encoding genes, that based on the tryptose- 
phosphate phenolphtalein methyl green (TPMG) indica- 
tor medium has proven particularly useful, allowing the 
isolation of several different such genes [49] (table I). 



Expression-cloning of bacterial phosphatase-encoding 
genes 

An alternative approach to studying bacterial phos- 
phatases, which has proven to be invaluable for NSAPs, 
is that of expression-cloning of phosphatase-encoding 
genes followed by characterization of the cloned genes 
and their products [33, 37, 38, 42, 49, 50]. This approach 
is based on screening bacterial genomic libraries con- 
structed in a multicopy plasmid vector for clones over- 
producing phosphatase activity detectable on plates of 
an indicator medium on which the host used for cloning 
has a phosphatase-negative phenotype. Of the various 
systems employed for expression-cloning of bacterial 



Class A bacterial acid phosphatases 

Molecular class A acid phosphatases are a group of 
bacterial secreted phosphohydrolases which contain a 
polypeptide component with an of 25 to 27 kDa and 
show conserved sequence motifs. Six different class A 
phosphatase-encoding genes have been cloned and se- 
quenced (table I, fig- U, and their products have been 
characterized to various extents. 
The S. enterica ser, typhimiiniim PhoN enzyme, also 
indicated as nonspecific acid phosphatase I, was the first 
class A enzyme purified and characterized in detaiL 
PhoN-Se is a homodimeric protein containing two 27- 
kDa subunits. It is active against a very broad array of 
substrates including 3'- and 5'-nucleoside monophos- 
phates, nucleoside diphosphates, nucleoside triphos- 
phates, hexose and pentose phosphates, a- and 
^^-glycerophosphate, />-nitrophenyl phosphate (pNPP), 
phenolphthalein diphosphate (PDP), a -naphthyl phos- 
phate and pyrophosphate, but not diesters. Reaction 
velocities are similar overall for the various hydrolysable 
substrates. values for the various substrates are m 
the 1-2 mM range. The pH optimum is around 5.5, 
using 5'-adenosine monophosphate (AMP) as substrate. 
PhoN-Se activity is inhibited by fluoride and mercuric 
ions, while being unaffected by EDTA and various other 
divalent cations including Mg-", Mn^-^, Co^", Ca-^,- 
Ba^-^, Ni'-^ and Zvr^ • Pj partially inhibits enzyme activ- 
ity at high concentrations (0.1 M), the inhibitory effect 
• being more evident with 5'-nucleotides than with pNPP 
as substrates [29-31]. -WitphoN-Se gene was apparently 
acquired by 5. enterica following a recent horizontal 
transfer of genetic material [35]. The gene is found in 
different Salmonella serovars, indicating that the trans- 
fer event occurred prior to diversification of the present- 
day salmonellae. In some strains the gene has been 
silenced by point mutations [35]. Expression oiphoN-Se 
is under the control of the phoP-phoQ two-component 
regulatory system [51, 52], which promotes transcription 
of phoN and other PhoP-activated genes under low 
environmental Mg^^ concentrations [53]. Unlike other 
products of genes which are part of the phoP-phoQ 
regulon, PhoN-Se is not involved in Salmonella viru- 
lence [54]. 

The Zymomonas mobilis PhoC-Zm enzyme represents 
the major Pi-irrepressible acid phosphohydrolase pro- 
duced by this species, and was the first sequenced class 
A enzyme [33]. The PhoC-Zm protein has not been 
purified and further characterized. 
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Table 1. NSAPs detected in bacteria. 



Bacterial species (strain)" 



NSAPs 



Genes (EM BL accession #f References 



Cedecea davisae (CIP 8034"^) 
Cedecea neteri (ATCC 33855"^) 
Chryseobacterium meningosepticum (CCUG 4310) 
Citrobacter amalonaticus (ATCC 25405"^) 
Citrobacter freundii (ATCC 8090^) 
Citrobacter koseri (CIP 7214) 
Enterobacter aerogenes (CIP 6086*^) 
Enterobacter agglomerans (ATCC 29904) 
Enterobacter arrmigenus (ATCC 33072""") 
Enterobacter cloacae (CIP 6085"^) 
Enterobacter sakazaki (ATCC 29544"^) 
Enterobacter taylorae (ATCC 35317"'') 
Escherichia coli (MG1655) 
Escherichia fergiisonii (ATCC 35469^ 
Escherichia hermannii (ATCC 33650^) 
Hafnia alvei (ATCC 29926) 

Haemophilus influenzae (Rd) 



class A (subclass Al)** 
class A (subclass Al)" 
class C 
class B** 
class B^ 
class B** 

class A (subclass A 1 )^ 



class B 
class B*" 

class A (subclass A!)'' 
class B" 
class B 
class C 

class A (subclass Al)^ 
class A (subclass A!)'' 
class A (subclass Al) 
class B^' 

class A (subclass Al)'' 



olpA (Y 12759)* 



aphA-Ec (X86971) 



napA-Hi{y016\5Y 
hel (M68502) 



34, 35 



Klebsiella oxytoca (CIP 666) 
Klebsiella planticola (CIP 8131) 
Klebsiella pneumoniae (CIP 52144) 

Klebsiella terrigena (CIP 8007''') 
Kluyvera ascorbata (ATCC 33434) 
Leclercia adecarboxylata (CI PI 00921) 
Leminorella grimontii (ATCC 33999"'') 
Moellerella wisconsensis (ATCC 35017^) 
Morganella morganii (ATCC 25830"^) 

Proteus mirabilis (ATCC 29906"^) 
Proteus penneri (ATCC 33519^) 
Proteus vulgaris (ATCC 8427) 
Providencia alcalifaciens (CIP 5862) 
Providencia reitgeri (ATCC 29944"'')^ 
Providencia rustigianii (ATCC 3 367 3 ) 
Providencia stuartii (ATCC 29914''") 

Salmonella enierica ser. typhi (Ty2) 

Salmonella enierica ser. typhimurium (LT2) 

Serratia fonticola (CIP 7864"'') 
Serratia liquefaciens (CIP 674) 
Serratia marcescens (CIP 6755) 
Serratia odorijera (CIP 790r) 
Serratia phmutica (CIP 7712) 
Shigella fiexneri (YSH 6000) 

(clinical isolate, serotype 2a) 
(CIP 8248) 
Yersinia enterocolitica (CIP 8027"^) 
Yersinia kristensenii (CIP 8030*'') 
Yersinia pseudotuberculosis (Yssl33) 
Yokenella regensburgei (ATCC 35313) 
Zymomonas mobilis (CP4) 

-CIP Collection of the Institut Pasteur; ATCC, American Type Culture Collection; CCUG, Culture Collection of the Universi^ of 
Gote'l^.^ 'Cetyme has been detected in zymogram assays, and the class (and ^"b'^lass) attnbutton was based on c^^^^^ 
zymograi propertied (see text for further details). The gene has not ,1^" ^lon^^-^ ^Tot'deXweln ™«ays 

;Tfo™rs'd"Srrer2?%^^^^^^^ ^^r- 'OenesUed with an 

^ ;rwere itfaled using the TPMG expression cloning procedu.. [491. A minus sign indicates that the ^ne -rrespohdmg^o t^^^ 
enzyme detected in zymograms or puriBed has not been cloned. ^The accession number re ers o ""H^^^^^ 

Sr^h/^rcioTe^^o^;/^^^^^^^ 



class A (subclass Al) 
class B 
class B" 



class B" 
class B*' 
class B'' 

class A (subclass Al) 
class B^ 

class A (subclass A2)*' 
class B 

class A (subclass A2) 
class B 



class A (subclass A2)** 
class A (subclass Al) 
class A (subclass A3) 
class B'^ 



class A (subclass Al)** 
class A 



pfioC-Kp*^ 
napA'Kp**" 



phoC'Mm (X64444)*' 
napA-Mm (X78328)*' 



phoN-Ps (X64820)*J 



aphA-Se (X96552)'' 
phoN-Se (X59036) 



(082966)'-' 
apy - Sf (U04539)'-' 



phoC-Zm (M24141) 



27 

27 • 

42 

27 

27 

27 

27 

27 

27 

27 

27 

27 

27, 36, 41 

27 

27 

27 

27 

60 

42, 62 
27 
27 
27 
27 
27 
27 
27 
27 
27 

27, 37 
27, 38 
27 
27 
27 
27 
27 
27 

27, 49 
27 
27 
27 

27, 29-31, 
31, 32 
27 
27 
27 
27 
27 
40 
39 
27 
27 
27 
27 
27 
33 
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" p{S?'-li :::::Se;SS?s™^--Sp11SIppp^^^ 

Al PhoH-P3 FSEAFGYPITEKDAPEIMaLTMaEQAGDI^^ 
PhoN-Sf FSAAFGSPITAKDSPEUTCjL^IE^^TRS 

"11 iipii====ss 



iPhoC-Km K 
PhoN-Ps 
PhoK-Sf K 

A2 PhoN-Se LLSKEDHPKLHY 

A3 Apy-Sf PTN-ELTP 

phoc-2m sahtpddlu:kieqsar 



B 



Providenda stuartii 
PhoN-Ps 

Zymomonas mobSs 




Apv-Sf 



Figure I. (.) comparison of the a.ino acid sequences of the six •c.jown — Cass A ^SA?.T^ ^^.TMBYtcessrof* 

KThoTsr^o^^^^^^^^^^ 

fie..nerim PhoC-Zm. PhoC protein from Z. mobilis (33). The "^J^"" a T^e region corresponding 

h^^Z^^^^'^'^ ^^^^ ^Sffu^^ooted tree shewing ph.ogene.ic 

relationships among the various class A proteins. 



The two class A genes of M. morganii (phoC-Mm) and 
P. stuartii {phoN-Ps) were shotgun -cloned via the 
TPMG expression-cloning procedure while studying 
the molecular bases of the HPAP phenotype exhibited 
by isolates of these species [37, 49]. In Morganella 
isolates the class A enzyme represents the major Pj-irre- 
pressible acid phosphatase activity, and the HPAP phe- 
notype is associated with PhoC-Mm production. In this 
species, the presence of PhoC is apparently able to 
prevent induction of alkaUne phosphatase when PhoC- 



hydrolysable organic phosphosters represent the sole 
phosphate source in the medium, probably as a conse- 
quence of PhoC-mediated Pi release from the substrate 
[37]. Although not specifically investigated, a similar 
scenario is likely to occur also in P. stuartii. The 
Morganella PhoC-Mm enzyme has been purified and 
characterized. PhoC-Mm is a homotetrameric protein 
containing four 25-kDa subunits. It exhibits a broad 
substrate specificity including 5'- and 3'-nucleoside 
monophosphates, glucose 6-phosphate, ^-glycerophos- 
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phate and aryl-phosphates (pNPP and PDF), but not 
diesters. The highest reaction velocities are observed 
with 5'-nucleotides, glucose 6-phosphate and aryl-phos- 
phates. The pH optimum is around 6, using pNPP as 
substrate. PhoC-Mm activity is not inhibited by EDTA, 
tartrate or fluoride, and is only slightly inhibited by 
high (O.l M) Pi concentrations [37]. The P, stuartii class 
A enzyme has not been purified and characterized in 
detail. However, being very similar to that of A/, mor- 
ganii at the sequence level (84% of identical amino acid 
residues, fig. 1) it is expected to retain similar proper- 
ties; partial characterization of this enzyme by means of 
zymograms yielded results consistent with this hypothe- 
sis [27, 49]. The occurrence of these highly homologous 
class A genes in more than one member of the entero- 
cluster 3 lineage [55], along with their values of G -I- C 
contents which are consistent with those of the respec- 
tive species, suggest that these genes are vertically 
derived from a common ancestor present in the corre- 
sponding lineage before divergence of the above species. 
Analysis of sequence data also suggests that the S. 
typhimuriwn phoN-Se gene was not acquired from any 
the above species. In fact, only stuartii, which has a 
low G + C content both at the genomic level (41%) [56] 
and in its own class A gene (43%), could have been a 
suitable donor candidate, given the low (43%) G + C 
content of the Salmonella phoN gene [35]. In this case, 
however, a significantly higher degree of similarity w»th 
the Salmonella gene would have been expected for the 
P. stuartii than for the A/, morganii allele, and an 
overall higher degree of similarity would also have been 
expected between the Salmonella gene and those carried 
by the two members of enterocluster 3. 
Considering that the degree of sequence divergence be- 
tween the class A enzyme of Salmonella and those of M. 
morganii and P, stuartii is substantially higher than that 
between the two latter proteins (fig. 1), and that the 
Salmonella enzyme also differs from them as far as 
quaternary structure (homodimeric vs. homotetrameric) 
and susceptibility to fluoride (susceptible vs. resistant) 
are concerned, we have proposed to further distinguish 
class A enzymes into at least two subclasses indicated as 
A I (prototype enzyme: PhoC-Mm) and A2 (prototype 
enzyme: PhoN-Se) [27]. 

The two class A enzymes found in S.flexneri, PhoN-Sf 
and Apy-Sf, are both encoded by genes carried on the 
large virulence-associated plasmid harboured by clinical 
isolates of this species [39, 40]. 

The Shigella PhoN-Sf protein is an NSAP which ex- 
hibits a broad substrate profile including nucleotides 
(like the Morganella class A enzyme, PhoN-Sf appears 
to be more active on 5'-nucleotides than on 3'-nucle- 
otides), /7NPP, glucose 6-phosphate and /? -glycerophos- 
phate. The pH optimum is at 6.6. The enzyme activity is 
not inhibited by chelators of divalent ions (EDTA, 



o-phenanthroline), fluoride, tartrate, cysteine, L-phenyl- 
alanine, L-tryptophan, benzamidine and soybean 
trypsin inhibitor, while being inhibited by iV-bromosuc- 
cinimide, dithiothreitol and diisopropylfiuorophos- 
phate, suggesting that serine and tryptophan residues 
as well as disulphide bonds, are relevant to PhoN-Sf 
activity [40]. At the sequence level, it exhibits a higher 
degree of similarity to the M. morganii and P. stuartii 
class A enzymes than to the other members of this class 
(fig 1) This enzyme, therefore, can be classified as a 
subclass Al NSAP. The PhoN-Sf protein is produced 
by only some Shigella and enteroinvasive E. coli (EIEC) 
strains, and is apparently not involved in the virulence 
phenotype of these bacteria [40]. 
The Shigella Apy-Sf protein shows some distinctive 
features as compared with the other class A enzymes. 
The native Apy-Sf enzyme is a 25-kDa monomer. It 
exhibits a marked preferential activity on nucleoside 
triphosphates (NTPs), which are hydrolysed sequen- 
tially to the corresponding diphosphates and 
monophosphates through release of P^. It is also active 
on pyrophosphate and, although to a lower extent, on 
pNPP but not on AMP. This enzyme can therefore be 
considered essentially as an ATP diphosphohydrolase 
or apyrase (EC 3.6.1.5). The optimal pH value for 
activity is between 7 and 7.5 [39]. Similarly to the other 
class A enzymes, the Apy-Sf activity is not inhibited by 
EDTA, while it is inhibited by fluoride (like enzymes of 
subclass A2), o-vanadate, sodium azide and various 
divalent cations including Ba^^, Ca^^, Mg^^ Mn^^, 
Co'^, Zn2+ and Cu^^ [39]. Considering the peculiar 
functional and structural features of the Apy protein, 
along with the degree of divergence observed at the 
sequence level with the other class A enzymes (fig- I), 
we propose to distinguish a further molecular subclass 
for class A enzymes, subclass A3 (prototype enzyme: 
Apy-SO- The apy-Sf gme or closely related alleles are 
carried by virulent Shigella spp. and enteroinvasive £. 
coli strains and are expressed in a thermoregulated 
manner [39], like many other virulence-associated genes 
of Shigella [57]. This observation, together with the 
localization of the enzyme in the periplasmic space, the 
specific activity of the enzyme on NTPs and the dra- 
matic decrease of the NTPs pool in eucaryotic cells 
invaded by Shigella [58], suggests that Apy-Sf could be 
involved in the virulence phenotype of these pathogens 

[39,58]. ' r u • 

Comparison of the amino acid sequences of the six 
known class A enzymes shows the existence of various 
conserved domains (fig. I), and a signature sequence 
motif for this family of enzymes has been defined as 
G-S-Y-P-S-G-H-T (PROSITE PDOC00891; [28]). This 
motif was defined before the sequence of the Apy-Sf 
enzyme was available. Considering also the latter en- 
zyme, the class A acid phosphatase signature motif 
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could be modified as G-S-Y-P-S-G-H-[TA]. The exis- 
tence of a conserved sequence motif, K-X(6)-R-P-X 
(12,54).P-S-G-H-X(3l,54)-S-R-X(5)-H-X(2)-D, among 
class A enzymes, a neutral phosphatase of Treponema 
denticola, some lipid phosphatases (including bacterial 
phosphatidylglycerol phosphate phosphatases and 
mammalian phosphatidic acid phosphatases), mam- 
malian glucose-6-phosphatases and a yeast diacylglyc- 
erol pyrophosphatase, has recently been identified, 
suggesting that all these enzymes could be mechanisti- 



cally related and that the conserved residues are likely 
essential for enzyme function and possibly part of the 
catalytic site [59]. 

Class A acid phosphatases belonging to subclasses Al 
and A2 can be zymographically detected by renaturing 
SDS-PAGE using various substrates, including the 
chromogenic substrates 5-bromo-4-chloro-3-indolyl- 
phosphate (BCIP), or PDP in combination with methyl- 
green [27], When renaturing SDS-PAGE is used for 
zymogram detection of these enzymes, BCIP (which 



A 



AphA-Ec 



Na^-ST -GKTEPYTQSGTNAREMLQEQWHWISVDQIKQSLEGKAPINV^ 

AphA-Ec DYLKNPVFWEKMNNGWDEFSIPKEVARQLimiHVnUlGDAIF^ 

tohA-Se DYLKNPATireKMNNGiroEFSIPKEVARQLIDMHVRRGDSIYFVTGRSOTCTE^ 

H^pA-to SYLKNPEFWEKMNNEiTOKFSMPKKSGMELVQMHLKRGDTNnfFITGRSKT^E^ 

StS-Iu DYLKNQDFWNEVNAGCDKYSIPKQIAIDLIWmOARGDQVYFFTGRTAGKVW^ KNMH 

** * * .*.** ** ' *** ..*-*• * . . • 

ADhA-Ec PVIFAG--DKPGQNTKSQWLQDKNIRIFyGDSDNDITAARI>VGARGIRILRASNSTyraLP 

S^^:^ ^IFJ^--DSSSJ^SS^IYYGnADADIAAAREIl.IRGI^ 
SaSJ-S? ^FKGSRERTTiSNKrPAIISHK^raIHYGDSDD 

*• * * . . .* . , . * ***.* *. ** - • - 



AphA-EC IVNSEY 

AphA-Se IVNSEY 

NapA-Mm VINSEY 

NapA-Hi LINSSY 




Figure 2. (.) Comparison of .he ..Ino acid -.-es .°f Jhe four .n^^^^^^^^^^ 

proteins are reported. AphA-Ec, AphA protein of E. ''^.^V.IJ'P^-^^^^^^^ „. influenzae (EMBL accession # Y07615). 

X96S52]; NapA-Mm. NapA protem of M. morgan,, [38], ^apA-H^ NapA a dot. The region corresponding 

:o^Tr;St:^^itrSueLr.^:^rf^^^ -ri.onta^ar. («) Unrooted tree showing 

phylogenetic relationships among the various class B proteins. 
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OlpA-Qo MKKILLTG GLILSFISC SAQ KADHOTKDLVNATA WMQNAGE YKALT I Q 

e(P4)-Hi MKTT LKMT - AIAALSATVLAG CGSHQMKS E EHANMO LQQQAV LGLNWMQDSGEYKAIAYQ 

UpC-Seq MKTKQVASVISIJU.SLFLVTGC J^1LDHKANVNSKEVKQTKVTYSDEQLRSNE^^^MSVLTWYQRAAEAK^LY^ 

HP1285 MSVLNAKECVSPITRS VKYHQQSAE I RALQLQ 



OlfA-Qn AYQLAQIRLAQILTQEVSEKPRAIVLDIDBTVLDNS PYQAYQI ENKKNFNQEDWSKWTRLAQAEP lAGALNFL 
e(P4 ) -Hi AYNAAKVAFDHA — KVAKGKKKAWADLDETMLDNS P YAGWQVQNNKPFDGKDWTRWVDARQS RAVPGAVEFN 
UpC-Seq GYQLATORLKNQLGQA-TDKPYSIVLDIDETVLDNSPYQAKNILEGTSFTPESWDVWVQKKEAKPVAGAKEFL 

HP1285 SYKMAKKAIJ)^mL-KLVKDKKPAVILDLDET^a*NTFDYAGYLIKNCIKYTPETWDKFEKECSLTLIPGALDFL 



OlpA-Qn NFTKHNGVEIFYVSNRSEA-ERVPTLENLQKKNFPYADNDHLI-LKTDKSSKESRRQKL-SEKYNIVLFFGDN 

e(P4) -Hi NYVNSHNGKN^YVTrnuaJSTEKSGTIDDMKRLGFN-CVEESATYLKKDKSAKTVARFAEIEKOGYEIVLYVGDN 

UpC-Seq QFADQMGVQIYYISORAVS-QVDATMENLQKEGI PVQGRDHLLFLEEGVKSKEARRQKV-KETTHLIMLFGDM 

HP128S EYANSKGVKIFYISNRTQ-KNKAFTLKTLKSFKLP-QVSEESVLLKEKGKPKAVRRELVAK-DYAIVLQVGDT 



OlpA-Qn l.SDFSD-MYyYNMEGKTSSEKVLEHPELFGSKFIILPNAMYGDWESSMYKKN---TDKiaSNEQVKMKSLRSFT 

e(P4)-Hi LDDFGNT\nf--GKIJUU)RRAFVIXlNQCKFGKrFIMLPNANYGG*reGGIAEG-YFKKDTQGQIKARlJ^ 

UpC-Seq LVDFAD-FSKKSEEDRTA— LLSELQEEFGRQFI IFPNPKYGSWESAVYKGD— KLDASHQLKERRKALESFE 

HP128S LHDFDAIFAKDAKNSQEQRAKVLQNAQKFGTEWI ILPNSLYGTWED EPIKAWQNKK 



OlpA-Qn TON r HQ 

e{P4)-Hi GK 

UpC-Seq K 

HP1285 



Figure 3. Comparison of the amino acid sequences of known or putative molecular class C NSAPs. The sequences of the native 
proteins are reported. OlpA-Cm, OlpA protein of C meningosepticum [42; EMBL accession # Y 127591; t-rP4)-Hi, t'(P4) outer 
membrane lipopri)lein of H. influenzae [62]; LIpC-Seq, LlpC membrane lipoprotein of 5. equisimilis [63]. The sequence of the 
hypothetical protein of H. pylori (HP1285) [64] showing significant similarity with class C NSAPs is also shown. Identical residues are 
indicated by an asterisk; conservative amino acid substitutions are indicated by a dot. The lipoproteins signal peptides are underscored. 



* the mature 
iccession # 

# Y07615). 
irresponding 
ree showing 



apparently is not hydrolysed by molecular class B 
NSAPs, see below) is useful for their differentiation 
from class B enzymes, which contain a polypeptide 
component of similar size. Additional features useful in 
differentiating class A from class B activities in zy- 
mograms are represented by resistance to inhibition by 
EDTA, and inactivation by low SDS concentrations. 
Resistance to inhibition by fluoride can be tested to 
differentiate enzymes of subclass Al from those of 
subclass A2 [27J. 

A screening of representative strains of various Enter- 
obacteriaceae for the presence of subclass Al and A2 
NSAPs, conducted using zymograms after renaturing 
SDS-PAGE, showed that production of similar en- 
zymes is not restricted to 5. enterica ser. typhimurium, 
M. morganii, P. stiiartii or Shigella strains carrying the 
virulence plasmid. In fact, production of a putative 
subclass A I NSAP was also detected in representative 
strains of Cedecea spp., Enterobacter aerogenes^ Hafnia 
alvei, Klebsiella spp. and Yokenella regensburgei, while 
production of a putative subclass A2 NSAP was also 
detected in a Scrratia plymuthica strain (table I). In the 
same study no such enzymes were detected in represen- 
tative strains of Citrobacter spp., Enterobacter spp. 



other than E. aerogenes, Escherichia spp., Khiyvera 
ascorbata, Leclercia adecar boxy lata, Leniinorella gri- 
montii, Moellerella wisconsensis^ Proteus spp., Providen- 
cia spp. other than P. stuartii, Serratia spp. other than 
5. plymuthica and Yersinia spp. (table 1). However, 
since it cannot be excluded that the growth conditions 
might have been nonpermissive for enzyme production 
in some species, a confirmation for the above class 
A-negative patterns should be sought, both under dif- 
ferent growth conditions, and at the genetic level. 
According to current knov^ledge on class A NSAP 
distribution in enteric bacteria, enzymes of subclass Al 
appear to be scattered among various enterobacterial 
lineages, while the occurrence of enzymes of subclass 
A2 seems to be rather exceptional. This scenario sug- 
gests that subclass A I genes have circulated among 
members of some lineages during enterobacterial evolu- 
tion. The finding of a subclass Al gene (phoN-Sf) on 
the large plasmid carried by some Shigella and EIEC 
strains [40] actually raises the possibility that other 
subclass A I genes could be also located on extrachro- 
mosomal elements, and that similar alleles could have 
been exchanged among the ancestors of some enter- 
obacterial species via plasmid-mediated transfer. On the 
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Other hand, the rare subclass A2 genes found in enteric 
bacteria would have been acquired by recent horizontal 
transfer from nonenterobacterial members, their phy- 
logeny being distinct from that of subclass Al alleles. 
The more specialized flp>-5/ gene (proposed as a mem- 
ber of a new subclass) carried by the large virulence-as- 
sociated plasmid of Shigella and ElEC strains [39] may 
have been acquired during plasmid evolution or evolved 
as a virulence-associated gene from a plasmid-borne 
subclass Al ancestor following a duplication event. The 
contemporary presence of the phoN-SfgeriQ on the same 
plasmid could represent the trace of a similar event. 
Apart from the S^flexneri apyrase, which has evolved a 
rather specific substrate profile and for which a role m 
microbial pathogenicity has been hypothesized, the 
physiological roles of the other class A NSAPs remam to 
be established. 



Class B bacterial acid phosphatases 

Molecular class B acid phosphatases include a group of 
secreted bacterial phosphohydrolases which contain a 
polypeptide component with an of approximately 25 
kDa and share conserved sequence motifs. Although the 
polypeptide size is similar to that of class A NSAPs, 
class B enzymes are completely unrelated to the former 
at the sequence level. 

In their native form, class B NSAPs are 100-kDa ho- 
motetrameric proteins comprising four polypeptide sub- 
units. Unlike polymeric class A NSAPs, class B enzymes 
tend to be quite resistant to depolymerization by SDS 
and, in SDS-PAGE, migrate at least in part as 100-kDa 
bands if the sample, prepared in Laemmli's buffer [48], 
is not subjected to the boiling treatment [27, 32, 38, 41]. 
Unlike class A NSAPs. class B enzymes are apparently 
unable to dephosphorylate the chromogenic substrate 
BCIP, retain their activity in the presence of low SDS 
concentrations and are inhibited by EDTA [27, 31, 38, 
41]. These features can be exploited for putative identifi- 
cation of class B NSAPs in zymograms following rena- 
turing SDS-PAGE [27]. 

Four different class B phosphatase-encoding genes have 
been cloned and sequenced (table 1, fig. 2), and their 
products have been characterized to various extents. 
The 5. enterica AphA-Se enzyme was the first class B 
NSAP purified and characterized in detail [31, 32]. It 
was originally purified from S. enterica ser. typhimurium 
LT2 and was also named nonspecific acid phosphatase 
II [31] to distinguish it from the class A NSAP (PhoN- 
Se, also named nonspecific acid phosphatase I) which 
had already been identified in this strain [29, 30]. The 
AphA-Se enzyme is active on various organic phospho- 
monoesters, including 5 - and 3'-uridine monophosphate 
(UMP), /7NPP and ^(-naphthyl phosphate, but not on 



diesters The highest-reaction velocities are observed 
with 3'-nucleotides andpNPP. The pH optimum for the 
phosphatase activity is in the acidic range and appears 
to be substrate-dependent, being lower (5 to 5.5) with 
3'-UMP or pNPP and higher (around 6.5) with 5'-UMP. 
The value of the enzyme for 5'-UMP was calculated 
to be OJ mM. The phosphatase activity of the AphA-Se 
enzyme is inhibited by EDTA, by high P, concentrations 
(50% of activity reduction in the presence of 0.1 M of 
p.) and by nucleosides. The inhibitory effect of nu- 
cleosides is higher with 2'-deoxyribonucleosides than 
with the corresponding ribonucleosides, is evident even 
at low concentrations (28-79% of activity reduction, 
depending on the nucleoside type, in the presence of a 
0 I mM concentration), and appears to be concentra- 
tion-dependent [31, 32]. The AphA-Se enzyme is also 
able to function as a phosphotransferase if suitable 
organic compounds carrying a free hydroxyl group are 
present as phosphate acceptors together with a hy- 
drolysable phosphoester which can function as a phos- 
phate donor. This low-energy phosphotransferase 
activity was demonstrated using pNPP as a phosphate 
donor and either alkylalcohols (methanol, ethanol, 
ethylene glycol or glycerol) at high concentrations (a2 
to 2 M) or nucleosides at low concentrations (O.l mM) 
as phosphate acceptors. With alcohols, the transphos- 
phorylation rate increases by increasing the acceptor 
concentration, and the transphosphorylation activity is 
associated with an increase of the pNPP-splitting activ- 
ity, without affecting the rate of release of P^. With 
nucleosides as acceptors, the transphosphorylation reac- 
tion is seen at thousandfold lower concentrations and is 
not associated with an increase but actually a decrease 
of the pNPP-splitting activity (due to the inhibitory 
effect of nucleosides on the enzyme activity), so that 
nucleosides appear to be more effective than alcohols as 
phosphate acceptors. The products of transphosphoryl- 
ation of nucleosides are mostly represented by 3'-nucle- 
otides. with only minor amounts of 5'- and 2'-nucle- 
otides [32]. The AphA-Se enzyme tends to adhere to 
plastic and glass surfaces, but the immobilized protein is 
inactive. This phenomenon accounts for the apparently 
low stability of the enzyme in diluted solutions, and can 
be prevented by the presence of nonionic detergents 
(such as Triton X-100 or /i-octyl glucoside) or of 
polyethylene glycol 6000 over a broad concentration 
range. Nonionic detergents are also able to. redissolve 
and reactivate the immobilized enzyme when present at 
concentrations near or above their critical micelle value 
[32] Crystals of the purified AphA-Se enzyme have also 
been obtained [32], but the three-dimensional structure 
of the protein has not been solved. The gene encoding 
the AphA-Se enzyme has recently been cloned from a 5. 
enterica ser. typhi strain (table I). Polymerase cham 
reaction (PGR) amplification of the corresponding ge- 
netic locus from 5. enterica ser. typhimurium LT2 and 
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restriction analysis of the amphmer demonstrated that 
the aphA genes carried by the two serovars are highly 
conserved at the sequence level (M. C. Thaller et al., 
unpublished results). 

The M. morganii Nap A- Mm enzyme was the first class 
B NSAP to be cloned and sequenced [38]. NapA-Mm 
was initially identified as a minor Pi-irrepressible NSAP 
produced by this species, in addition to the major 
Pj-irrepressible PhoC-Mm enzyme [37, 38]. Characteri- 
zation of the NapA-Mm protein purified from an E. coli 
strain carrying the cloned napA -Mm gene showed that 
its biophysical and functional properties were similar to 
those of the S. enter ica AphA-Se enzyme, and conse- 
quently the definition of molecular class B NSAPs was 
proposed, with the NapA-Mm sequence being the pro- 
totypic one [38]. The Af organella NapA-Mm enzyme is 
active on various organic phosphomonoesters, includ- 
ing 5'- and 3'-nucieoside monophosphates, aryl-phos- 
phates (/7NPP and PDP), ^-glycerophosphate and 
sugar phosphates (glucose 6-phosphate and ribose 5- 
phosphate), but not on diesters. The highest reaction 
velocities are observed with purine nucleotides, pNPP 
and PDP. With pNPP as substrate, the pH optimum of 
the phosphatase activity is about 6 [38]. Substrate-de- 
pendency of the pH optimum has not been investigated 
with this enzyme. The phosphatase activity of the 
NapA-Mm enzyme is inhibited by EDTA, by high P; 
concentrations (P; does not decrease enzyme activity up 
to a 20 mM concentration, while a partial inhibitory 
effect becomes apparent at higher P- concentrations), by 
Ca^"** and by nucleosides and 2'-deoxynucleosides (31- 
63% of activity reduction, depending on the nucleoside 
type, in the presence of a 0.1 mM concentration). The 
phosphatase activity of the NapA-Mm enzyme is unaf- 
fected by tartrate and fluoride and stimulated by low 
concentrations (I mM) of Mg-"^, Co^^ and Zn^"^. Simi- 
larly to the Salmonella AphA-Se enzyme, NapA-Mm is 
also able to function as a phosphotransferase using 
^NPP as a phosphate donor and either alkylalcohols or 
nucleosides as phosphate acceptors. Although not stud- 
ied in comparable detail, transphosphorylation proper- 
ties of the NapA-Mm enzyme were similar, overall, to 
those of the Salmonella class B enzyme [38]. 
In E. coli, the presence of a periplasmic acid phos- 
phatase with features typical of a class B NSAP was 
initially detected by zymogram assays [27, 36]. As soon 
as the sequence of the M organella class B enzyme be- 
came available, an unknown open reading frame, lo- 
cated in the tyrB-uvrA intergenic region (at 
approximately 92 min of the genetic map) of the E. coli 
chromosome was putatively identified as the gene en- 
coding this enzyme on the basis of the sequence similar- 
ity of its product with the Morganella NapA-Mm 
protein [37]. The identity of this gene, named aphA-Ec, 
was subsequently confirmed by cloning and expression 



experiments [41]. The E. co// class B NSAP was purified 
from an E. coli strain engineered for overexpression of 
the aphA-Ec gene. Its biophysical and functional prop- 
erties are similar, overall, to those of the S, enter ica 
AphA-Se enzyme and of the M. morganii NapA-Mm 
enzyme. The £. coli AphA-Ec enzyme is active against a 
broad array of organic phosphomonoesters, including 
5'- and 3'-nucleoside monophosphates, aryl-phosphates 
(pNPP, PDP, phenyl phosphate and 0-phospho-L-ty- 
rosine), nonaromatic phospho-amino acids (0-phos- 
pho-L-serine and O-phospho-L-threonine), yff -glycero- 
phosphate, ribose 5-phosphate and phytic acid, showing 
the highest reaction velocities with aryl-phosphates and 
nucleotides. No activity was detectable against 
adenosine triphosphate (ATP), glucose 1 -phosphate, 
glucose 6-phosphate or diesters. Similarly to the 
Salmonella AphA-Se enzyme, the pH optimum for the 
phosphatase activity of the £. coli class B NSAP is 
around 6-6.5 for 5'-nucleoside monophosphates and 
lower (5.5-6) for pNPP. The phosphatase activity of 
the NapA-Mm enzyme is inhibited by EDTA, by P; (in 
this case a slight decrease of the enzyme activity is 
evident at 5 mM Pj concentration and increases progres- 
sively with the Pi concentration), by Ca^"^ and by nu- 
cleosides (67-80% of reduction of activity, depending 
on the nucleoside type, in the presence of a O.l mM 
concentration). The phosphatase activity of the AphA- 
Ec enzyme is unaffected by fluoride and stimulated by 
low concentrations of Mg^"^. Similarly to the other class 
B enzymes, AphA-Ec is also able to function as a 
phosphotransferase using /?NPP as a phosphate donor 
and either alkylalcohols at high concentrations or nu- 
cleosides at low concentrations as phosphate acceptors 
[41]. In £. coli^ production of the AphA-Ec enzyme is 
detectable when cells are grown on carbon sources other 
than glucose, being undetectable when glucose is avail- 
able as a carbon source [36]. 

In H. influenzae, the presence of a chromosomal gene 
encoding a hypothetical protein similar to other class B 
NSAPs was identified at complement of nucleotides 
511018-510313 [60]. In the original sequence data this 
open reading frame was interrupted by frameshifts, 
which were solved after cloning and resequencing of the 
corresponding region (fig. 2). The H. influenzae class B 
gene was named napA-Hi. When subcloned into an £, 
coli expression vector, the nap A -Hi gene was actually 
able to direct production of a recombinant protein 
endowed with acid phosphatase activity and showing 
zymogram properties typical of class B NSAPs (G. M. 
Rossolini et al., unpublished results). 
Molecular class B NSAPs appear to be quite conserved 
at the sequence level, the percent of identical amino acid 
residues ranging from 91%, when comparing the E. coli 
and Salmonella proteins, to 46% when comparing the 
enzymes from Enterobacteriaceae to that of Haemo- 
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philus (fig. 2). Comparison of amino acid sequences 
shows the existence of various highly conserved do- 
mains. The sequence motif l -D-I-D-D-T-V-L-F-S-S-P 
could be proposed as a signature sequence pattern for 
bacterial class B NSAPs (fig. 2). At the sequence level, 
class B NSAPs also appear to be distantly related to 
molecular class C bacterial NSAPs and to some plant 
acid phosphatases (see below i. 

Class B acid phosphatases can be zymographically de- 
tected after renaturing SDS-PAGE using various sub- 
strates, including the chroniogenic substrate PDP in 
combination with methyl green [27, 36, 38, 41]. Dis- 
tinctive features useful in identifying class B enzymes 
in zymograms performed following renaturing SDS- 
PAGE have been previously described (see above), 
A screening of representative strains of various Enter- 
obacteriaceae for the presence of class B acid phos- 
phatases, performed by renaturing SDS-PAGE, 
showed that production of similar enzymes is not re- 
stricted to 5. ent erica, M. mur garni or £. coli. In fact, 
production of a putative class B NSAP was also de- 
tected in representative strains of Citwbacier spp., Es- 
cherichia fergusonii, Hafriia alvei, Proteus mirabilis, 
Providencia spp. and Shigella spp. (table I). In the 
same study, no class B enzymes were detected in repre- 
sentative strains of Cedccca spp., Enterobacter spp., 
Escherichia hermanii, Klebsiella spp., Kluyvera ascor- 
bata, Leclercia adecarboxylata, Leminorella grimontii, 
Moellerella wisconsensis, Proteus spp. other than P . 
mirabilis, Serratia spp.. Yersinia spp. and Yokenella 
regensburgei (table 1). However, since production of 
class B NSAPs can be regulated [36], the class B-nega- 
tive zymogram pattern observed in some species could 
also have resulted from growth conditions nonpermis- 
sive for enzyme production at levels detectable by the 
zymogram assay. This point is being currently investi- 
gated by searching the genomic DNAs of strains that 
showed a class B-negative zymogram pattern for the 
presence of class B genes by means of polymerase 
chain reaction (PGR) amplification using degenerate 
primers for two highly conserved regions of known 
class B NSAPs. Preliminary results suggest that class B 
alleles are also carried by at least some of the species 
showing a class B-negative zymogram pattern (M. C. 
Thaller et al., unpubHshed results). Moreover, a class 
B NSAP-encoding gene has been cloned from K. pneu- 
moniae via the TPMG expression-cloning procedure 
(table I), indicating that, in this species, a class B gene 
is actually present and can also be functional. 
The widespread distribution of class B alleles among 
enteric bacteria suggests that a class B gene was likely 
present in the enterobacterial ancestor or was acquired 
early in the lineage. During subsequent evolution of 
Enterobacteriaceae, this gene may have undergone mu- 
tations or rearrangements accounting for the present- 



day distribution and expression pattern. The 
phylogeny of class B NSAPs in enteric bacteria, there- 
fore, appears to be substantially different from that of 
class A NSAPs. 

Concerning the physiological role of class B NSAPs, it 
was initially proposed that in 5. enterica ser. O'- 
phimurium the AphA-Se enzyme could represent the 
major periplasmic 5'-nucleotide-splitting enzyme, and 
possibly also substitute for alkaline phosphatase which 
is lacking in this species. This proposal was based both 
on the results of physiological studies performed with 
some mutants (altough not genetically characterized) 
and on kinetic data (a relatively low K,^ value for 
5'-UMP), and was also supported by the knowledge 
that, as compared to £. coli, S. enterica ser. ly- 
phimurium is lacking a counterpart for both the UshA 
periplasmic 5'-nucleotidase and the PhoA alkaline 
phosphatase [31]. However, it was recently shown that 
most S. enterica serovars other than typhimurium do 
produce a functional UshA homologue [24], and that 
production of a class B acid phosphatase is not re- 
stricted to Salmonella but also occurs in E. coli and in 
several other enterobacterial species [27], including 
those able to produce 5'-nucleotidase and alkaline 
phosphatase activities [15, 25]. This updated knowl- 
edge on enterobacterial periplasmic phosphatases, 
therefore, would suggest reconsideration of the above 
hypothesis, leaving the physiological function of class 
B enzymes an open issue. 

Class C acid phosphatases and the superfamily of 
DDDD phosphohydrolases 

Molecular class C acid phosphatases have recently 
been identified as a group of secreted bacterial lipo- 
proteins endowed with NSAP activity that contain a 
polypeptide component with an M, of approximately 
30 kDa and share conserved sequence motifs. At the 
sequence level class C enzymes appear to be related, 
although distantly, to class B NSAPs and also to some 
plant acid phosphohydrolases. 

The first identified class C NSAP was the OlpA en- 
zyme of Chryseobacterium (formerly Flavobacterium) 
meningosepticum which, among the ex-flavobacterial 
species, is the most relevant from the clinical stand- 
point [61]. This enzyme was discovered as a zymo- 
graphically detectable NSAP activity containing an 
approximately 30-kDa polypeptide, while screening 
nonenterobacterial species for the presence of NSAPs 
[42]. The gene encoding OlpA was isolated from a 
genomic library of C meningosepticum CCUG 4310 
via the TPMG expression-cloning procedure, and se- 
quence analysis yielded a protein whose primary struc- 
ture did not resemble either class A or class B NSAPs, 
and contained a signal peptide typical of bacterial lipo- 
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proteins (fig, 3). Consequently, the existence of a new 
molecular class of bacterial NSAPs (molecular class C) 
was proposed, with OlpA-Cm being the prototype 
enzyme of this class [42]. 

OlpA-Cm was found to share significant sequence 
similarity with two other bacterial lipoproteins for 
which a phosphatase activity had not been previously 
demonstrated: the £f(P4) outer membrane lipoprotein 
of H, influenzae [62], and a cytoplasmic membrane 
lipoprotein of Streptococcus equisimilb [63] (fig. 3). 
Cloning and expression of the H, influenzae gene (hel) 
encoding the €(P4) lipoprotein in E, coli has recently 
confirmed that this lipoprotein also exhibits acid 
phosphatase activity against various phospho- 
monoesters [42]; hence e(P4) can be classified also as a 
member of class C NSAPs. Inclusion of the S. 
equisimilis LlpC membrane lipoprotein into the family 
of molecular class C NSAPs is awaiting the 
demonstration of a NSAP activity of the above 
protein. 



Comparison of the amino acid sequences of known or 
putative class C NSAPs allowed identifying various 
conserved domains (fig. 3), An overall sequence 
similarity was also observed between these proteins 
and a hypothetical secreted protein encoded by an 
open reading frame (HP1285) located at complement 
of nucleotides 1362349-1361660 of the Helicobacter 
pylori chromosome [64], which could represent another 
member of this molecular family (fig. 3). 
The recent discovery of class C NSAPs has not 
allowed enough time for a detailed analysis of their 
enzymatic properties. Concerning the physiological 
role, the e(P4) lipoprotein of H. influenzae was recently 
demonstrated to be essential for haemin uptake by this 
species [65]. The relationship between this function, 
which is carried out by a domain located near the 
amino-terminus of the protein that contains sequences 
putatively involved in haemin binding and/or transport 
[65], and the NSAP activity of the protein remains to 
be clarified. 



AphA- Ec 65 - VGFD I DDTVL FS S PGFWRGKKT FS P E S E DTf LKN PVFWEKMNNGWDE FS I PKEVARQ L I DMHV 

AphA-Se 64-VGFDIDDTVLFSSPGFWRGKKTYSPDSDOYLKNPAFWEKMNNGWDEFSIPKEVARQLIDMHV 

MapA-Mia 64-VGFDIDDTVLFSSPGFYRGKLEYSPNDySYLKNPEF6reKMNNEWDKFSMPKKSGMELVQMHL 

NapA-Hi 63-VSFDIDDTVLFSSPCFYHGQQKFSPGKHDYLKNQDFWNEVKAGCDKYSIPKQIAIDLINMHQ 

OlpA-Cm 71-IVLDIDETVLDNSP--YQAYQIENKKNF MQEDWSKWTRLAQAEPIA — GALNFLNFTK 

e(p4)-Hi 80- IVADLDETMLDNS P- - YAGWQVQNNKPF DGKDWTRWVDARQS RAVP — GAVE FNN YVN 

LlpC-Seq 95-IVLDIDETVLDHSP — YQAKNILEGTSF TPESWDVWVQKKEAKPVA--GAKEFLQFAD 

HP1285 Sa-VILDLDETVLNTFD — YAGYLIKNCIKY TPETWDKFEKEGSLTLIP — GALDFLEYAN 

APSl-Lyce 105!-WIFDVDETLLSNLP--YYSDHRYGLEVF DDVEFDKWVENGTAPALG— SSLKLYQEVL 

AP-Glymax I06-WVFDIDETTLSNLP--YYADHGFGVELY NETSFNKWVDLGEAPALP— ESLKLYKKLL 



AphA- EC RRGDAI FFVTGRS PTKTETVSKTLADNFHI PATNMNPVI FA G- - DKPGQKTKSQWL 

AphA-Se RRGDSIYFVTGRSQTICrETVSKTLADNFHIPAANMNPVIFA G— DKPGQMTKVQWL 

NapA-Mm KRGDTVYF I TGRSKTKTETVTKYVQEGLRI PADKMNPVI FA G- - DEEGQNNKVSWM 

NapA-Hi ARGDQVYFrrGRTAGKVDGVTPILEKTFNI~KNMHPVEFM GSRERTTKYNKTPAI 

OlpA-Cm NNGVEIFYVSNRSEA-ERVPTLEKLQKKNFPYADNDHLI-L KTDK5SKESRRQKL 

e{P4 ) -Hi SHNGKVFYVTNRKDSTEKSGTIDDMKRLGFN-GVEESAFYL KKDKSAKAARFAEI 

LlpC-Seq QNGVQIYYISDRAVS-QVDATMEKLQKEGIPVQCRDHLLFL EEGVKSKEARRQKV 

HP1285 SKGVKIFYISMRTQK-NKAFTLICTLKSFKLP-QVSEESVLL KEKGKPKAVRRELV 

APSl-Lyce KU;FKVFLLTCRSER-HRSVTVE--NLMNAGFHDWmaiLR-GSDDHGKTATTYKSERRNAM 

AP-Glymax SLGIKIVFITGRPLD-QKAVTATKLNLKLAGYHTWEKLITKNTSEYHGKTAVTYKSTERKKL 



AphA-Ec QDKNIRI--FYGDSDNDI-40 

AphA-Se QEKNMRI— FYGDSDNDI-40 

NapA-Hm RtiHKLKI—YYGDADADI-40 

NapA-Hi ISHKVSI--HYGDSDDDV-40 

OlpA-Cm -SEKYNIVLFFGDNLSDF-72 

e ( P4 ) -Hi EKQGYEIVLYVGDNLDDF- 68 

LlpC-Seq -KETTNLIMLFGDNLVDF-65 

HP 128 5 -AKDYAIVLaVGDTLHDF-52 

APSl-Lyce VEEGFRIVGNSGDQWSDL-20 

AP-Glymax EEKGYKIIGNIGDQWSDL-ZO 



Figure 4. Comparison of the amino acid sequences of known or putative molecular class C NSAPs with those of class B NSAPs and 
of two plant acid phosphatases. APSl-Lyce, tomato acid phosphatase [Swiss-Prot accession # P2706ij; AP-Glymax, soybean acid 
phosphatase [EMBL accession # AJ2230741; for the names of other sequences see legends to figs 2 and 3. Identical residues are 
indicated by an asterisk; conservative amino acid substitutions are indicated by a dot. Only the relevant protein domains are shown in 
this alignment; numbers at the beginning of each sequence indicate the number of residues from the N-terminus of the native protein; 
numbers at the end of each sequence indicate the number of residues from the C-terminus of the protein. 
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Figure 5. Phosphatase production and uranyl phosphate accumu- 
lation by the N14 strain, (a, b) Immunogold labelling to show 
phosphatase production and localization [86]. (a) Cells of a phos- 
phatase deficient mutant show no immunogold label, (b) The 
parent strain shows surface and periplasm ically localized enzyme 
(arrowed). The use of cell sections shows negligible intracellular 
enzyme. Bars are 500 nni. (f, d) Uranium accumulation by whole 
cells in the presence of UO^"^ and the phosphatase substrate 
glycerol 2-phosphate. (c) Uranium uptake by the phosphatase 
deficient mutant or by the parent strain in the absence of UO;"^ 
(control), (d) Uranium uptake by the parent strain following 
e.xposure to UO^"^ for several hours. The accumulated precipitate 
was identified as HUO^POj using energy dispersive X-ray analy- 
sis, proton induced X-ray emission analysis, infrared spec- 
troscopy, solid-state magic angle spinning -^'P NMR and X-ray 
powder diffraction analysis [23, 77, 82], 



Comparison of class C enzymes with other sequenced 
proteins allowed identifying conserved sequence motifs 
between the former enzymes and other bacterial or 
eucaryotic proteins, including class B bacterial NSAPs 
and some plant acid phosphatases (fig. 4). These find- 
ings suggest that class B and class C bacterial NSAPs, 
together with their plant homologues, are members of 
the same superfamily of phosphohydrolases that we 
propose to indicate as "DDDD" after the presence of 
four invariant aspartate residues within the most con- 
served dpmains (fig. 4). All these enzymes could be 
mechanistically and phylogenetically related, and the 
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highly conserved residues are likely essential for enzyme 
function and could be part of the catalytic site. 



Bacterial NSAPs as tools in biotechnology 

Similarly to alkaline phosphatase, which has been suc- 
cessfully used as a reporter in enzyme immunoassays 
[20] or as a probe for protein topology [21], bacterial 
NSAPs could also be exploitable for biotechnological 
applications. To date, this objective has been pursued 
with some class A NSAPs that have been successfully 
used for biotechnological applications as outlined 
below. 



Use of NSAPs as tools for environmental bioremediation 

In 1982 an environmental Gram-negative, rod-shaped, 
oxidase-negative, fermenting strain (N14), identified as 
Citrobacter sp., which was able to tolerate cadmium 
and accumulate it when grown in the presence of Cd, 
was isolated from metal-polluted soil [66]. Such a po- 
tential was present in cells pregrown in the absence of 
the metal, and was retained by cells subsequently ex- 
posed to metals, either in a resting or immobilized 
state [67, 68]. The requirement for the presence of 
suitable organic phosphoesters for metal accumulation 
to occur, along with the time-dependent metal accumu- 
lation, and the consistency of metal uptake with high- 
level production of a periplasmic acid phosphatase 
activity by the N14 strain, suggested an enzyme- 
mediated metal-uptake mechanism possibly involving 
the cleavage of the phosphoester bond to yield in- 
organic phosphate which precipitates stoichiometrically 
with available heavy metal cations, so that the metal 
phosphates are tightly bound as MHPO4 (M = metal) 
at the cell surface [67, 69, 70]. This hypothesis was 
verified by X-ray microanalysis and magic angle spin- 
ning '^'P nuclear magnetic resonance (NMR) analysis: 
the heavy metal precipitation occurs initially at discrete 
loci at the cell surface of resting cells, being followed 
by a heavy cellular deposition of the same material 
[71]. Moreover, a phosphatase-deficient mutant of the 
N14 strain (lp4a) was ineffective at accumulation of 
heavy metals [72, 73]. 

Further studies demonstrated an effective phosphatase- 
mediated accumulation, by the N14 strain, of various 
heavy metals and actinides, including Am, Pu and U, 
in the form of their insoluble hydrogen phosphates or 
phosphates (fig. 5) [22, 72, 74-77]. Removal of Th(lV) 
is poor per se but can be facilitated if La([II) is also 
incorporated into the solution, and the same method is 
effective in enhancing removal of Pu(IV) [78]. The 
product of uranyl biocrystallization, cell-bound hy- 
drogen uranyl phosphate (HUP) [23, 77], is a poly- 
crystalline, lamellar material with intercalative 
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cation-exchange ability (i.e. cations of other metals 
could displace protons from within the interlamellar 
space) [79-82], In contrast to other heavy metals, Ni is 
not removed by the metal phosphate deposition reac- 
tion, but the intercalative ion exchange property of 
HUP could be successfully exploited in the removal of 
Ni from dilute aqueous solutions, since Ni^"^ ions are 
reversibly incorporated into celi-bound HUP to form 
nickel uranyl phosphate [Ni(U02P04)2]. This was des- 
ignated as microbially enhanced chemisorption of heavy 
metals [80-82]. 

Removal of heavy metals from aqueous wastes 
via microbially generated precipitant ligands ('bio- 
mineralization'), whose formation is dependent on the 
production of a secreted acid phosphatase, has there- 
fore become a valuable alternative to classical and bio- 
sorptive methods of waste water treatment [72, 
74, 83-85]. 

Purification of the acid phosphatase produced by strain 
N14 and determination of the amino-terminal sequence 
and of some internal amino acid sequences showed 
significant similarities with known class A NSAPs [86], 
suggesting that similar enzymes could be involved in the 
biomineraiization process. In fact, an E, coli strain 
engineered to overproduce the Salmonella class A 
NSAP demonstrated a high efficiency for accumulating 
uranyl ions and acting as a bioorganic ion exchanger 
via the accumulation of HUP and subsequent removal 
of Ni (G. Baskanova et al., unpublished). This finding 
represents the first example of an acid phosphatase-me- 
diated metal biomineraiization process by a microor- 
ganism other than N14, and opens the possibility of 
future engineering of improved strains for specific in- 
dustrial applications. 



Use of NSAP-encoding genes as insertional inactivation 
targets in cloning vectors 

Class A NSAP-encoding genes have been exploited as 
targets for insertional inactivation in cloning vectors 
that allow direct identification of recombinants. Using 
these vectors, recombinants are easily identified on the 
basis of their phosphatase-negative phenotype, while 
clones containing an empty vector exhibit a phos- 
phatase-positive phenotype [87, 88]. 
The major advantages of similar vectors, as compared 
to the most popular lacZ a -complementation-based 
cloning vehicles (i.e. the pUC series and derivatives [89, 
90]), are represented by the possibility of using them in 
any E. coli host, independently on its lac genotype, and 
by the significantly lower cost of the indicator medium 
as compared with that used for the ;9-galactosidase 
plate assay. 

The problem of engineering a versatile multiple cloning 
site (MCS) into the phosphatase gene, without dis- 



turbing the activity of its product, has been solved by 
replacing the region encoding the phosphatase signal 
peptide with a modified amino-terminal moiety of the 
E. coli lacZ gene, derived from a lacZ a -complementa- 
tion-based cloning vector [88]. With this approach, 
cloning vectors have been constructed that allow iden- 
tification of recombinants based on phosphatase inacti- 
vation while retaining all the MCS facilities that made 
so popular the lacZ ot -complementation-based vectors 
[88]. 



Concluding remarks and future work 

Although the existence of bacterial NSAPs has been 
known for a relatively long time, only recently has 
knowledge on these enzymes undergone a considerable 
advancement concerning their primary structure, genet- 
ics, enzymology, distribution and phylogeny. Notwith- 
standing this advanced knowledge, the role of NSAPs 
in microbial physiology remains an open issue, at least 
for most of them. Indeed, the widespread distribution 
and high-level conservation of some of these enzymes 
(e.g. the molecular class B NSAPs in enteric bacteria) 
suggest an involvement in functions relevant to procary- 
otic cell physiology, but these functions have yet to be 
identified with certainty. On the other hand, contempo- 
raneous production of NSAPs of different molecular 
classes by some bacteria (e.g. production of both a class 
A and a class B enzyme by M. morganii, H. alveiy P. 
Stuart a and S. enter ica^ or production of both a class B 
and a class C enzyme in H. influenzae) suggests that, at 
least in such instances, NSAPs of different classes play 
different roles. To understand this essential point, addi- 
tional investigations will be required, concerning vari- 
ous fundamental aspects. An evaluation of the kinetic 
parameters of these enzymes could be useful to deter- 
mine their catalytic efficiencies toward different hy- 
dro lysable substrates. In fact, kinetic parameters have 
not been investigated for most NSAPs, while the ap- 
proximate functional data available for several enzymes 
are often not fully comparable due to differences in the 
experimental conditions adopted. A comprehensive 
comparative analysis of the functional properties of 
NSAPs of each molecular class would also be interest- 
ing for understanding the molecular evolution and 
structure-function relationships of these enzymes. Regu- 
lation of the various NSAP-encoding genes, and the 
effects of gene inactivation or overexpression on cell 
physiology, represent additional aspects that would de- 
serve investigation to understand the physiological role 
of these enzymes. 

Another interesting topic for additional investigation is 
represented by production of NSAPs throughout the 
microbial kingdom. In fact, all NSAPs thus far de- 
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scribed are from representative strains of enteric bacte- 
ria or of a few other Gram-negative spec.es (with the 
exception of the hypothetical class C enzyme of S. 
equisimilis). Identification and characterization of 
NSAPs from other bacterial taxa would help at under- 
standing their role, while providing valuable informa- 
tion in the field of bacterial and molecular evolution. 
Concerning the potential utility of bacterial NSAPs m 
the sector of applied microbiology and b'Ot«Jnology 
the successful exploitation of some class A NSAPs tor 
similar purposes should encourage further investigation 
ill this field, also with enzymes of other molecular 
famiiies. 
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Two periplasmatic phytases, called PI and P2, were 
purified about 16,500-fold to an apparent homogeneity 
with a recovery of 7 and 18%, respectively. The enzymes 
behave as monomeric proteins with molecular masses of 
about 42 kDa. Because of the limited amounts recovered, 
the amino terminal sequence of only one of the phytases 
was determined. Both enzymes are very specific for phy- 
tate and have little or no activity on other phosphate es- 
ters tested. The kinetic parameters for the hydrolysis of 
Na-phytate and p-nitrophenyl phosphate are k^K^ 478 
X 10® M"* and 0.6 10** s * M'* at pH 4,5. The hydrolysis 
pathway for phytate was elucidated for P2 ; consequently, 
this enzyme is a 6-phytase. The chemical and kinetic 
properties of the purified phy tase P2 points to an identity 
with an enzyme described by Dassa et cU, (1982, </. Biol. 
Chem. 257, 6669-6676) as a pH 2.5 acid phosphatase. 
Because of the kinetic parameters it would be better to 
denote this enzyme as a phy tase. © 1993 Academic Press, inc. 



Phytic acid [myo-inositol(l,2,3,4,5,6)hexakisphos- 
phate]^ is the major storage form of phosphorus in seeds 
and pollen (2). Because of its strong chelating properties, 
phytic acid is regarded as an antinutritive factor. Phytic 
acid forms insoluble complexes with nutritionally impor- 
tant metals such as calcium, zinc, magnesium, and iron, 
thereby decreasing their bioavailability (3, 4). Phytase 
(myo- inositol hexaphosphate phosphohydrolase) hydro- 
lyzes phytic acid to myo- inositol and phosphoric acid Two 
types of phytases are known: 3-phytase (EC 3.1.3.8) and 
6-phytase (EC 3.1.3.26), indicating the predominant at- 
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TBAH, tetrabutylammonium hydroxide; SDS, sodium dodecyl sulfate; 
SDS-PAGE, sodium dodecyl sulfate polyacrylamide gel electrophoresis. 
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tack of the susceptible phosphoester bond. Phytases are 
present in plants, certain animal tissues, and microor- 
ganisms. They have been studied most intensively in seeds 
of plants such as wheat, barley, bean, corn, soybean, rice, 
and cotton (5, 6). Phytase activity in microorganisms has 
been found most frequently in fungi, in particular Asper- 
gilli (7, 8). It occurs also in bacteria (9), yeasts (10), and 
rumen microorganisms (11). There is only one report on 
the occurrence of phytase activity in Escherichia coli, but 
without any characterization of the enzyme(s) (12). Four 
acid phosphatases have been identified in the periplas- 
matic space ofE. coli. These enzymes can be distinguished 
from each other by their pH optima and their substrate 
specificities (1, 13, 14). 

Phytases are of interest for biotechnological applica- 
tions, especially for the reduction of phj^te in food and 
feedstuff. Supplementation of animal feedstuff with phy- 
tases will increase the bioavailability of phosphate, thus 
decreasing phosphorus pollution in areas of intensive an- 
imal agriculture. The addition of phytases will diminish 
antinutritional effects of food having a high content of 
phytate. We have purified and characterized two phytases 
from E. coli cells grown in the late stationary phase. 

MATERIALS AND METHODS 

Chemicals. E. coli K12 (ATCC 33965) and most of the enzyme sub- 
strates were purchased from E. Merck (Darmstadt, Germany). Phytic 
acid dodecasodium salt was from Aldrich (Steinheim, Germany). All 
other chemicals were products of Fluka, Boehringer- Mannheim, Serva, 
and Sigma, CM-Sepharose CL 6B, DEAE-Sepharose CL 63, Phenyl- 
Sepharose CL 48, high-load 16/60 Sephacryl S-200 HR, and Mono S 
HR 5/5 were obtained from Pharmacia (Freiburg, Germany). Ultrasep 
ES 100 RP18 was purchased from Bischoff (Leonberg, Germany). All 
reagents were of anal3rtical grade. 

Growth of the bacteria. Bacteria were grown aerobically in 2 -liter 
flasks containing 500 ml LB-medium, pH 7,5, at 37''C. Cell growth was 
followed at 578 nm. Anaerobiosis was obtained by layering paraffin oil 
at the surface of the growth medium and stopping agitation. 

Protein estimation. Total protein concentration was determined by 
Coomassie blue G-250 dye-binding using bovine serum albumin as a 
standard (15). 
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Assay of phytose and acid phosphatase. Phvtase and acid phosphatase 
measurements were carried out at 35 ''C. The enzymatic reactions were 
started by the addition of 10 mI enzyme to the assay mixtures. 

The incubation mixture for phytase determination consisted of 350 
;il 0.1 M sodium acetate, pH 4.5, containing 500 nmol sodium phytate. 
After an incubation time of 30 min, the liberated inorganic phosphate 
was measured by a modification of the ammonium molybdate method 
(16). One and one-half milliliters of a freshly prepared solution of acetone: 
5N HzSO^lO mM ammonium molybdate (2:1:1, v/v) and 100 1.0 M 
citric acid were added to the assay mixture. Any cloudiness was removed 
by centrifugation prior to the measurement of the absorbance at 355 
nm. In order to calculate the enzyme activity a calibration curve was 
performed over the range of 5 to 600 nmol inorganic phosphate. The 
activity (U) was expressed as 1 /imol phosphate liberated per minute. 

Acid phosphatase was determined in 200 ^1 0.25 M glycine-HCl, pH 
2.5, or 0,1 M sodium acetate, pH 4.5, containing 25 iimoX PNPP. After 
15 min the reaction was stopped with 1.0 ml 1 N NaOH. The activity 
of the acid phosphatase was determined by measuring the absorbance 
of the formed p-nitrophenolate at 405 nm. One unit of enzyme was 
defined as the amount of acid phosphatase releasing 1 ^xmol p-nitro- 
phenolate per minute. The enzymatic hydrolysis of other phosphorylated 
compounds was tested as described under phytase activity, but sodium 
phytate was substituted by 1 ^tmol of the phosphorylated compounds. 

Effect of cations and potential inhibitors on enzyme activity. To in- 
vestigate the effect of cations and potential inhibitors on enzyme activity, 
these substances were preincubated with the phytase 15 min at 37° C 
before performing the standard phytase assay. The reaction with 0.1 
mM EDC was performed in 12.5 mM Na^PaO; pH 5.0, for 30 min at RT. 

Identification of the hydrolysis products. Enzyme and Na-phytate 
were incubated as described for the activity determination but with the 
phosphate assay omitted. From the incubation mixture samples (50 
were removed periodically and the reaction was stopped by heat treat- 
ment (90° C, 5 min). Twenty microliters of the samples was chromato- 
graphed on Ultrasep ES 100 RP18 (2 X 250 mm). The column was run 
with 0,4 ml/min of an eluant consisting of formic acid: methanol: water: 
TBAH (44:56:5:1.5, v/v), pH 4.25, essentially as described by Sandberg 
etai (17). Analysis of the stereoisomers was performed with the same 
samples according to the method of Mayr (18). 

Purification of the phytases. All operations were carried out at 0 to 
4°C, unless otherwise stated. Bacteria were suspended in 20 mM sodium 
acetate, pH 4.5, and sonicated for 3 X 60 s. The cell debris was removed 
by centrifugation at 12,000^ for 30 min and the clear supernatant was 
used for the ammonium sulfate precipitation at 25-80% saturation. The 
protein material obtained was dialyzed against 20 mM sodium acetate, 
pH 4.5. Any precipitate formed was removed by centrifugation at 10,000^ 
for 30 min. 

CM-Sepharose CL 6B chromatography. The dialyzed ammonium 
sulfate fraction was loaded onto a CM-Sepharose CL 68 column (3.5 
X 20 cm) equilibrated with 20 mM sodium acetate, pH 4,5. The column 
was washed with 300 ml of the same buffer and then the proteins bound 
were eluted with a linear gradient from 0 to 1.0 M NaCl (2000 ml) in 20 
mM sodium acetate, pH 4.5. The fractions containing phytase activity 
were pooled and dialyzed against 20 mM Tris-HCl, pH 7.8. 

DEAE'Sepharose CL 6B chromatography. The dialyzed active pool 
was loaded onto a DEAE-Sepharose CL 6B column (4 X 15 cm) equil- 
ibrated with 20 mM Tris-HCl, pH 7.8. After eluting the unbound inactive 
protein from the column with equilibration buffer, a linear gradient of 
0 to 0.5 M NaCl (1000 ml) in 20 mM Tris-HCl, pH 7.8, was applied. The 
fractions containing phytase activity were pooled and dialyzed against 
0.1 M sodium acetate, pH 5.0. 

Phenyl'Sepharose CL 4B chromatography. The pooled fraction from 
the previous step was saturated to a final concentration of 1.0 M am- 
monium sulfate and applied on a phenyl-Sepharose CL 4B column (3 
X 30 cm) equilibrated with 0.1 M sodium acetate, pH 5.0, containing 1.0 
M ammonium sulfate. The column was washed with equilibration buffer 
and the proteins were then eluted with a linear gradient from 1.0 to 0 



M ammonium sulfate (2000 ml) in 0.1 sodium acetate, pH 5.0. Two 
peaks with phytase activity were separated (Fig. 2 A). The second one 
was taken for further purification. It was dialyzed against 20 mM sodium 
acetate, pH 4.5. All columns were run at a flow rate of 50 ml/h, and 10- 
ml fractions were collected. 

Mono S HR 5/5 chromatography. The dialyzed pool of the phenyl- 
Sepharose column was applied onto a Mono S HR 5/5 column equili- 
brated with 20 mM sodium acetate, pH 4.5. First the column was washed 
with the same buffer for 30 min and then with 0 to 0.5 M NaCl in 20 
mM sodium acetate, pH 4.5, for 90 min. The collecting of fractions was 
carried out manually corresponding to the protein profile at 280 nm. 

Gel electrophoresis. Native gel electrophoresis was carried out with 
7.5% gels at pH 8.3 (19, 20) and with 5% gels at pH 4,8 (21). Enzymatic 
staining of the protein was performed with 1-naphthylphosphate coupled 
with Fast Blue B in 0.1 M sodium acetate, pH 4.5, in the dark (22). SDS- 
electrophoresis using 10% gels was performed according to Laemmli 
(19). Gels were stained with Coomassie brilliant blue R-250 or by silver 
staining (23). 

Gel-filtration. To assess the molecular mass of the native phytases 
the purified proteins were gel -filtered on 16/60 Sephacryl S-200 HR 
equilibrated with 50 mM Tris-acetate, pH 6.2, 0.2 M NaCl. The column 
was calibrated with glucose-6-phosphate dehydrogenase, M, 120,000; 
creatine kinase, Af, 81,000; bovine serum albumin, 68,000; ^-lacto- 
globulin, M, 40,000; and myoglobin, 17,000. 

Amino acid analysis. Amino acid analysis was performed on a Bio- 
tronik LC 6000 analyzer. The protein samples were hydrolyzed in 6 N 
HCl in sealed and evacuated tubes at 108° C for 24 and 96 h. Sequence 
determination was carried out with an Applied Biosystem 470 A/120A 
protein sequencer using the standard program according to the manu- 
facturer. 

Comparison with the pH 2.5 acid phosphatase. The determination 
of the properties for the comparison of the phytase P2 with the pH 2,5 
acid phosphatase was carried out as described by Dassa et al. (1). 

RESULTS 

Localization and Production of the Phytases 

No phytase activity was detectable in the culture media 
of growing E. coli cells; consequently, there was no ques- 
tion of an extracellular phytase. By the osmotic shock 
procedure, 90% of the phytase activity and an 80-fold 
higher specific activity was found in comparison to the 
sonicated extract. Therefore the E. coli phytases must be 
regarded as periplasmatic enzymes. 

In normal growing cells only a very low phytase activity 
was detectable. However, the activity increased markedly 
when the cells ran into the stationary phase. A further 
increase of the activity was obtained after a shift from 
aerobic to anaerobic conditions. The maximum specific 
activity of the phytases was obtained 4 h after the begin- 
ning of its accumulation (Fig. 1). Therefore, cells grown 
under anaerobic conditions and harvested in the late sta- 
tionary phase were used as enzyme source. 

Purification of the Phytase 

A summary of the purification scheme is given in Table 
I. The phytase activity was eluted as a single sharp activity 
peak from each soft-gel ion-exchange column after ap- 
plication of the gradient. No splitting of the phytase ac- 
tivity was obtained but most of the inactive material was 
removed by this procedure. 
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FIG. 1. Phytase and acid phosphatase activity during the growth of 
E. coli in LB-media at 37**C. (• - •) phytase under aerobic conditions, 
(•--•) phytase under anaerobic conditions, (O) acid phosphatase, (□) 
cell density at 578 nm. The arrow indicates the change from aerobic to 
anaerobic conditions. 



During the hydrophobic chromatography two peaks 
with activity were observed (Fig. 2A). As the second peak 
contained more than 90% of the activity recovered, this 
fraction was used for further chromatography on Mono 
S HR 5/5. A major contaminant could be removed from 
two distinct phytases, called PI (elution time 37.6 min) 
and P2 (elution time 40.5 min) (Fig. 2B). A 16,500-fold 
purification of both enzymes was achieved with a recovery 
of 7 and 18%, respectively. Both enzymes exhibit an ac- 
tivity of about 8000 U/mg. 

In the purified enzymes, there is a low acid phosphatase 
activity measurable. This activity was not separable 
through the whole purification procedure. In all steps the 
purification parameters were parallel for both activities. 

The properties presented are nearly identical for both 
phytases PI and P2, except the behavior on Mono S 
HR 5/5. 



Polyacrylamide gel electrophoresis under denaturing and 
nondenaturing conditions revealed only one single protein 
band after staining the gels by Coomassie or silver nitrate. 
Isoelectric focusing gave one major band corresponding 
to a p/ of about 6. These results indicate t hat the phytases 
could be regarded as homogenous. 

On a 10% SDS gel the molecular masses of the phytases 
were estimated to be approximately 42 kDa. The same 
value (43 kDa) was calculated after gel filtration of the 
native enzymes on a calibrated Sephacryl S-200 column. 
Consequently, the phytases are monomeric proteins. Both 
enzymes showed typical absorbance spectra for proteins 
with maxima at 278 nm and minima at 262 nm. No ab- 
sorbance was observed in the visible region. 

The amino acid compositions of the phytases as shown 
in Table II are based on a molecular mass of 42 kDa for 
both enzymes. The pi of 6 leads to the assumption that 
most of the Asx- and Glx-residues are present as aspartic 
acid and glutamic acid residues in the proteins. Because 
of the limited amounts of the enzymes it was only possible 
to determine the amino-terminal sequence of the phytase 
P2, Edman degradation of P2 gave a mixture of two dis- 
tinct sequences: 

Ser-Glu-Pro-Glu-Leu-Lys-Leu-Glu-Ala-Val-Val 
Gln-Ser-Glu-Pro-Glu-Leu-Lys-Leu-Glu-Ala-Val. 

Obviously, these two sequences are due to different pro- 
cessing of a preprotein. 

Searching for homology of the amino-terminal sequence 
of phytase P2 in the EMBL-data bank revealed an iden- 
tity with the pH 2.5 acid phosphatase from E. coli The 
structure of that acid phosphatase was conducted from 
an incomplete nucleotide sequence (24). The only differ- 
ence in the amino-terminal sequence of the phytase P2 
is the exchange of the second Ser for Ala. 



Molecular Properties Enzymatic Properties 

Themolecularmassandthehomogeneityofthepurified pH Optimum and pH stability. Phytase assay was 
enzymes were estimated by SDS-PAGE and gel filtration, performed from pH 1.0 to 9.0 using a variety of buffers 



Step 



Volume 
(ml) 



Crude extract 390 

(NH4)2S04 precipitation 130 

CM-Sepharose CL 6B 145 

DEAE-Sepharose CL 6B 85 

Phenyl-Sepharose CL 4B 440 

Mono S HR 5/5 Pi 2.0 

Mono S HR 5/5 P2 1-2 



TABLE I 
Purification Scheme 



Total 
protein 
(mg) 



5811 
1820 
97.2 
20.4 
1.76 
0.024 
0.063 



Total 
activity 
(U) 



2804 
2665 
2019 
1625 
841 
192 
505 



Specific 
activity 
(U/mg) 



0.5 
1.5 
20.8 
79.7 
473 
8000 
8016 



Purification 
(fold) 



1 
3 
43 
166 
985 
16660 
16700 



Recovery 



95 
72 
58 
30 
7 

18 
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(Fig. 3). The phytases have a single pH optimum at pH 
4.5 and are virtually inactive above pH 7.0. The effect of 
the pH-value on enzyme stability was tested in the pH- 
range 1.0 to 9.0 at 4°C. Within 14 days the phytases do 
not lose any activity at pH levels ranging from 3,0 to 9.0. 
But at pH values < 3 the stabilities drop dramatically. 
At pH 2.0 40% and at pH 1.0 70% of the original activities 
are lost after 24 h. 

Temperature optimum and thermal stability. The 
temperature profiles of the purified phytases were con- 
ducted from 10 to 85°C using the standard phytase assay 



TABLE 11 

Amino Acid Compositions of the Phytases Pi and P2 



Amino acid 






pH 2.5 acid 


residue 


Phytase Pi 


Phytase P2 


phosphatase 


Asx 


38,1 (38) 


37.7 (38) 


40 


Thr 


22.3 (22) 


24.4 (24) 


32 


Ser 


21.6 (22) 


23.2 (23) 


27 


GIx 


49.5 (50) 


50.0 (50) 


43 


Pro 


16.4 (16) 


16.4 (16) 


16 


Gly 


31.3 (31) 


32.2 (32) 


38 


Ala 


65.7 (66) 


61.4 (61) 


60 


Cys 


L6 (2) 


1-4 (1) 


n.d. 


Val 


17.9 (18)" 


16.5 (17)" 


39 


Met 


2.9 (3) 


2.1 (2) 


(1) 


He 


26.1 (26)" 


29.8 (30)" 


15 


Leu 


9.0 (9)" 


8,6 (9)" 


48 


Tyr 


2.4 (2) 


3.0 (3) 


6 


Phe 


8.3 (8) 


7.7 (8) 


13 


Lys 


12.4 (12) 


10.5 (11) 


25 


His 


7-0 (7) 


7.3 (7) 


1 


Arg 


15.2 (15) 


15.1 (15) 


13 


Trp 


n.d. 


n.d. 


n.d. 



Note. Data of the pH 2.5 phosphatase taken from Dassa et aL (1), 
" Value taken at 96 h. 



at the given temperature. The temperature optimum was 
found to be 55° C and a sharp decrease in activity was 
observed at GO^^C. The activation energy for the hydrolysis 
of phytate was calculated to be 58.5 kJ/mol from the Ar- 
rhenius plot. In order to check thermal stability, the phy- 
tases were incubated at different temperatures, cooled to 
room temperature, and assayed using the standard phy- 
tase assay. During a period of 1.0 h no loss of activity was 
observed from 30 to 50°C, while at 60°C only 24% of the 
activity remained and at 70*C no activity was detectable. 

Kinetic parameters. To study the enzyme-substrate 
affinity and substrate selectivity, the kinetic parameters 
of the hydrolysis of phytate and PNPP were determined 



T 1 r 




FIG. 3. Effect of pH on the activity of phytase P2. As substrate ( ) 
Na-phytate or (O) PNPP was used. The activity at pH 4,5 was taken 
as 100% when using Na-phytate as substrate. Buffers: pH 1-3.5, glycine/ 
HCl; pH 3,5-6, Na-acetate/NaOH; pH 6-7 Tris/H -acetate; pH 7-9, Tris/ 
HCl; pH 9-10, glycine/NaOH; each 0,1 M when using Na-phytate as a 
substrate. pH 1-6, Na-formiate/NaOH; pH 6-7, Tris/H -acetate; pH 7- 
9, Tris/HCl; pH 9-10 glycine/NaOH; each 0.25 M when using p-nitro- 
phenyl phosphate as a substrate. 
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TABLE III 

Kinetic Constants for the Hydrolysis of Na-phytate and 
PNPP by Phytase P2 



TABLE IV 
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Km 






Substrate 


(IQ-^ mol/liter) 




(10* M"^) 


PNPP 


7.78 


490 


0.63 


Phytic acid 


0.13 


6209 


477.6 



Note. Buffer, 0.1 M Na-acetate, pH 4.5; substrate concentration, 0.02- 
5 mM. 



at pH 4.5. The results are summarized in Table III. The 
pronounced differences in the kinetic data for the hydro- 
lysis of both substrates clearly indicate that the purified 
enzymes are phytases rather than nonspecific acid mono- 
phosphoesterases. 

Like other phytases, the E. coli enzymes showed a sub- 
strate inhibition. The activities of the isolated phytases 
were inhibited at substrate concentrations > 1.5 mM. 

Substrate selectivity. The action of the purified phy- 
tases in 0.1 M sodium acetate, pH 4.5, on several phosphate 
esters was tested. The relative rates of hydrolysis are 
summarized in Table IV. Phytate has the highest turnover 
number and the other phosphorylated compounds do not 
reach 10% of the phytate hydrolysis rate. 

Hydrolysis pathway. In order to examine the action 
of phytase P2 on Na-phytate, the hydrolysis products were 
separated by HPLC ion pair chromatography and ion- 
exchange chromatography. Phytate is hydrolyzed in a 
stepwise manner. IPg is rapidly degradated and IP5 is a 
short-lived intermediate. IP4 is accumulated during the 
process and later is slowly hydrolyzed to IP3 (Fig. 4). The 
remaining derivatives are further degradated to free myo- 
inositol. However, the hydrolysis rate is markedly de- 
creased probably due to product inhibition (inorganic 
phosphate). From the analysis of the individual stereo- 
isomers and of their amounts the following pathway was 
deduced. The major pathway is indicated by the bold ar- 
rows. 

I(2,3,4,5,6)P5 

I(l,2,3,4,5,6)Pe 1(2,3,4,5)?^ -►I(2,4,5)P3 

I(1,2,3,4,5)P5 ^ I(1,2,3,4)P4 I(1,2,3)P3 



I(1,2,4,5)P4— I(1,2,4)P3; 

I(1,2,5)P3 

Effect of cations on enzyme activity. The study of the 
effect of metal ions on the enzyme activity reveals that 
none of them had an activating effect when used in con- 
centrations between 10"^ and 10"^ M. Mg^^ and Hg^"" had 



Substrate 


Specificity 






Activity 






PI 


P2 


QllKefrcifp 


(%) 


(%) 


tr ny taie 


100 


100 


p-Nitrophenyl-phosphate 


12.3 


9.8 


1 - Nap h thy I -phosphate 


0.7 


0.8 


J - IN aptitny 1 -pnospnaie 


2.7 


2.5 


2 -Glycerophosphate 


1,9 


1.7 


r rvictose i^o cupnu&jiiitiM; 


8.5 


8-5 




1.3 


1.7 


OlUCOSc O-pnOajJlltlMS 


0.4 


0.8 


AMP 


0 


0 


ADP 


0 


0 


ATP 


0 


0 


NADP 


0 


0 


Na2H2-pyrophosphate 


0 


0 


Pyridoxalphosphate 


0 


0 


Phosphoserine 


0 


0 


GTP 


0 


0 



Note. Hydrolysis rate of Na-phytate was taken as 100%; 0.05 U of 
phytase was used. 



no significant effect, while Mn^"^ and Ca^^ were slightly 
disactivating. Cu^^ and Zn^^ showed strong inhibitory ef- 
fects. The reduced phytase activity in the presence of Fe^^ 
and Fe^^ is attributed to a lower phytate concentration 
because of the appearance of a Fe-phytate precipitate. 

Inhibition studies. When compounds which tend to 
chelate metal ions such as o-phenanthroline, EDTA, ox- 




FIG. 4. Time course of the action of phytase P2 on Na-phytate, The 
enzymatic reaction products were separated by ion pair chromatography. 
IP6-IP3; myo-inositolhexakisphosphate to -trisphosphate. 
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alate, citrate, or tartrate were tested for their effect on 
enzyme activity, it was noticed that none ot them was an 
inhibitor at concentrations from 10"^ to K)"' m; citrate, 
in contrast, was sHghtly activating. Moreover, cyanide, 
azide, and arsenate did not show any effect. The absence 
of an effect of arsenate points to a missing participation 
of sulfhydryl groups in the active site of the enzyme. This 
suggestion was confirmed by testing the more specific 
sulfhydiyl inhibitors 2-mercaptoethanol and iodoacetate 
which did not show any effect either. The enzyme is also 
PMsf T^" *':!.Pr.^«"'=« of the serine-specific reagent 
^r!n } ^ mactivation after incubation with 
iLVi. indicates that a carboxyl group takes part in the 
catalytic reaction. The strongest inhibitors were found in 
fluoride, molybdate, and vanadate. Fluoride, a known in- 
hibitor of different phytases and phosphatases, inhibits 
the hydrolysis of phytate competitively with a of 0 1 
mmol/liter. ' 

Comparison with the pH 2.5 acid phosphatase. The 
first hint of an identity of the phytase P2 and the pH 2 5 
acid phosphatase was found during the investigation of 
the amino-terminal sequence, because there is only one 
difference in the first nine amino acid residues. To verify 
this suggestion some properties of the two enzymes were 
compared (Table V). Nearly all tested parameters of the 
phytase P2 are very similar to the pH 2.5 acid phospha- 
tase The difference in specific activity could be attributed 
to the usage of an FPLC-Mono S HR 5/5 column in order 
to remove the contaminants. This probably explains also 
the observed differences in the amino acid composition 
and in the maximal hydrolysis rate. 



DISCUSSION 

Two phytases were purified from E. coli. An ammonium 
sulfate precipitation and four column chromatographic 
steps led to two homogeneous protein preparations show- 
ing phytase activity. The enzyme preparation obtained 
after the hydrophobic chromatography appeared to be 
homogeneous during the SDS-PAGE. However, protein 
chemical studies indicated that this preparation must be 
contaminated by several other proteins. The phytase in- 
active contaminations could be effectively removed from 
the active proteins by chromatography on Mono S HR 
0/5. Hereby two phytases were obtained, now designated 
phytases Pi and P2. Both preparations have nearly iden- 
tical physicochemical and kinetic parameters 

The purified E. coli phytases share many kinetic pa- 
rameters in common with other phytases (8, 9). They have 
an acidic pH optimum (pH 4.5) with a rapid drop in ac- 
tivity at pH-values above 6. In microorganisms a second 
optimum (pH 2.0-2.5) could often be observed, especially 
in aspergilli, but not in E coli. A further characteristic of 
many phytases is their stability at high temperatures. E 
coll phytases have a temperature optimum at 5500 and 
are denaturated at temperatures above 60°C The acti 
vation energy of 58.5 kJ/mol can only represent some 
average value for the initial stage of hydrolysis 

Studies of some potent inhibitors point to a missing 
participation of cysteine and serine in the active site of 
'^^^ P^*^'*' inactivation after incubation with 
EDC indicates that a carboxyl group takes part in the 
catalytic reaction. 



TABLE V 

Comparison of the Phytase P2 and the pH 2.5 Acid Phosphatase 



Amino-terminal sequence 

Localization 

Activity during growth 



Specific activity 

Molecular mass 

Isoelectric point 

Stability in 1 M formic acid 

pH optimum, PNPP as substrate 



Substrate specificity 
Kinetic constant 
Inhibitors 



Phytase P2 



GIn-Glu-Pro-Glu-Leu-Lys-Leu- 

GIu-Ala-Val-Val 
Periplasma 

Highest activity under anaerobic 
conditions, during the exponential 
growth no activity observed 

750 U/mg 

42 kDa 

6.0 ± 0-4 

Soluble and stable for ca. 4 h 

In glycine pH 2.5, in formiate pH 3.5, 

activity ratio for formiaterglycine 

at pH 3.5 = 0.45 
PNPP 100%, fructose 1,6- 

diphosphate 34%, GTP 46% 
f<M = 2.64 V^, - 703 fixnol min"* 

mg~* 

fluoride: Kj = 82 (competitive), 
phosphate: Kj = 11.9 mM, tartrate: 
~ 730 fiM (competitive) 



pH 2.5 phosphatase 



Note. The data of the pH 2.5 acid phosphatase were taken from Dassa et ai (1). 



Gtn-Glu-Pro-Glu-Leu-Lys-Leu-GIu-Ser- 
Val-Val 

Periplasma 

Highest activity under anaerobic conditions, 
during the exponential growth no activity 
observed 

326 U/mg 

45 kDa 

6.3 

Soluble and stable for ca. 2 h 

In glycine pH 2.5, in formiate pH 3.3, 

activity ratio for formiate:gIycine at pH 

3.5 = 0.5 

PNPP 100%, fructose 1,6-diphosphate 37% 
GTP 45% 

Km = 2.7 A/M, K„„ = 208 /imol min"^ mg"' 

fluoride: K, = 60 ^xM (competitive), 
phosphate: /f, = 13 mM, tartrate: K, = 
700 ^iM (competitive) 
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Phytase is considered to be a special type of acid phos- 
phatase, which is capable of splitting off phosphate from 
phytate as well as other diversified organophosphates. The 
E. coli phytases have a high specificity to phytate and 
they are fast-acting enzymes with a turnover rate of ap- 
proximately 6200 per second. The only data available on 
molecular activities of other phytases are 220 per second 
for Aspergillus ficuum NRRL 3135 phytase (8) and less 
than 10 per second for soybean phytase (25). 

Phytases from microorganisms are considered as 3- 
phytases. However, the phytase P2 is obviously a 6-phy- 
tase as the phosphoester bond at position 6 of the myo- 
inositol residue is preferentially hydrolyzed. The rate of 
hydrolysis at position 3 is only 1/7 of that at position 6. 
The E. coli phytases are capable of degrading phytate to 
free m>'o- inositol, but the later steps were inhibited by 
the released phosphate. 

Searching for homology of the amino-terminal sequence 
of phytase P2 in the EMBL-data bank revealed an iden- 
tity with the pH 2.5 acid phosphatase from E. coli. The 
structure of that acid phosphatase was conducted from 
an incomplete nucleotide sequence (24). The organization 
of the gene and the whole structure of this protein is not 
yet established. The kinetic parameters and molecular 
mass of our purified enzyme(s) correspond very well to 
that of Dassa et al, (1) when testing phytase P2 with 
PNPP at pH 2.5. In contrast to Dassa et al. (1), we 
achieved a threefold higher purification with reference to 
the specific activity. This could be attributed to the usage 
of an FPLC Mono S HR 5/5 column in order to remove 
the contaminants. This probably explains the observed 
differences in the amino acid composition of the phytases 
and the pH 2.5 acid phosphatase. If both enzymes are 
really identical, the pH 2,5 acid phosphatase should better 
be regarded as a phytase. Further work is in progress to 
elucidate the structure of the phytase P2/P1 and to over- 
express the enzymes. 
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Board of Trustees Opcratiiig; Michigan 
State University 

DKlMtillunt 



Office of IntellBCtiial Property 
Michigan State University 
246 Administration Building 
East Unsing, MI 48824-1046 



Title of person authorized to sign on behalf of assignee 



08/04/03 WED 14:51 [TX/RX NO 5701] 

JUN-10-2003 13:02 517 432 3B80 ^T/. P. 03 



06/10/03 TUE I3I5 FAX 517 432 3880 OFC INTELLECTUAL PROP ^ ^ ^ ^ r.J^""^ 

JLW^4w--2003 141^9 H^ESS. DICKEY. 8, PIERCE 314 726 7501 P. 04 



ATCC 



. lOIOl U«wiv4v Blvi • HmuAi^ VA 201104101 • Telophenk 7QM<S47Q0 « f AXs TU* 

BimA?ESTTMAWONlKEIMrtRNATI NALm:OOmiONO 
THE DfiPOSrr Oi BCCROORGAKlSMi PbR THB fUftPOSBS O? MTSm ?ROCBDUK&* 

mTBMMAmtHHirOMM 

UGEtfT m TW CASE OF AN ORJCHIfAl' raPOSlT HSX7ED PURSUANT TO RUtB 7,3 
AND VIABILITY ITATIMBNT ISgUBD PUMUANT TO RUU 10 j 



To: (Namt ui Addrtii «f Dcpsitlor or AYtaraoy) 



DopartBieit of Cktfilitry *^ ^(t^ 

k. LiMhff, MX 4tm-UU -Q 



Eschertciia etii SWflffAt>UUA 207153 
& Mil PffrvpAOiMA 207tSA 



The dopoiiti wani uoompftiied ^ _ i sdntiflc daoi^on JC » propei cd nauaiomic dcgecipidm indieatcd 
above. The dcpecito wort roedvod Mwtli 10. lOpy by Aif !qtKn»ri094 Depofiioiy AudwTiiy have been 
•eceptfid, 

AT yom UQUlSTt JL We«nUinlbfmyouof^M[UMt»fQriheitaia«fo30yam 

The ffftiu wilt W mode iimlUle if 1 pattti ofifce tignocdTy to the Bttdapcn Treery eertiSie oae^i rifbt le 
rocepre, or e.V l- Potent io iiouad citfai the otraini. oad ATCC ii inotrocted ^ die United Sttsu Potent ft 
T^idoRirk Ofliee or the depeeitar to teleioo ufd ifraioo. \ 

U the ealmrei ihould die or be dcctt^yed dBriet die eSccdve term of tfia depoiii, ft sboU be yeur reepoaeibiKty 
to tcpleet dten erfth ILviag ealfim of tbe ftna. 

The Bttiiu will be aiiiiKaleod for 0 paciod of 11 leiit 30 y«m from dote of dopoift, or five yeari ofltr the meet 
rec«nt Tcquect te a oonf le» whiditfver (I toiiftr. The Uai(ed Sietei end nuny ether eeuntfieo ere ligoatey to 
tbe Bttdi^eei Treaty. 

The v{BbiIi(y ef die sufturce efiod above wu teited KTitgli p. Oh thot doife« Ae eulturci were viable, 
lottraatieaal Oepoeftevr Aatbor^ Ameriem Typt Cultore Cellectionp Montom^ Va 20110-2209 USA. 

I repreieat ATCC; 

Dole: MareH 17. 1999 



Sinataro of pereoa bavlag attiberf^ 10 repr 



cet DcAnn F. Sailli 

Amendment and Response » Office Action 

Application No.: 09/937,243 
Atty. Docketljft: 6550-000038/USB 

Attachment 6 

f^R-22-aB3 10^40 248 641 8278 9?^ 

EV 31Q2?:7220 US ™.x»o.;SI^"" 

JUN-10-2003 13:02 517 432 3880 37Z P. 04 



